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PREFACE. 



The present volume has been based on a monograph by 
Professor P. Alexeyeff (of the University of Kieff), entitled 
Methods for. the Transformation of Organic Oompounds (Mctoxu 
npeBpan^eHifl OpraHH^ecxHxrb GoexHHeHift), which ori^ally 
appeared in 1889 in Russian. In the presentation of the 
subject in this volume, I have made rather extensive addi- 
tions of new material; together with a general rearrangement 
of the entire subject-matter. 

Professor AlexeyeflF, himself, has been deceased these several 
years, but his widow, Madame AlexeyeflF, has very kindly given 
me authority to employ her husband's book in the preparation 
of the present volume. I have also to thank Madame Alexeyefif 
for her kindness in placing at my disposal the originals of her 
husband's book in Russian, which have been of very material 
assistance to me in the translation. For the latter purpose I 
have also made good use of Darzen's and Leffivre's French 
translation of the original Russian. 

This book is intended for the general student of advanced 
organic chemistry, and deals only with the theory of the sub- 
ject. It is not intended in any way as a laboratory manual 
for the preparation of organic compounds. Although there are 
a number of good books of the latter class available for the 
American or English student, yet I do not believe there is any 
book in English which covers quite the same ground as the 
present volume. 
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iv PREFACE. 

The attempt of the author has been to present the theory 
of organic radicals in a systematic form and in as logical a 
method of development as possible, so that the student may 
iu^quire a comprehensive grasp of the general principles imder- 
l}ring S3mthetic organic chemistry. General organic chemistry 
iias grown so greatly in its mass of detail and in the niunber of 
its isolated reactions and separate compounds that the ma- 
jority of advanced text-books on the subject are now more 
like complex reference encyclopedias than actual books of in- 
struction. The student becomes bewildered in an attempt to 
pick his way through the thousands and thousands of com- 
pounds dealt with, and loses sight of the imderl}ring path which 
represents the general principles of the subject. In the present 
book the author has endeavored to discuss general reactions in 
its broad a manner as possible, though making use of specific 
xeactions for purposes of illustration. In such a treatment it 
is possible, of course, to become too purely theoretical and to 
make a few facts the basis of too generalized a reaction, and 
I fear that in many cases I have erred in this direction. This 
book, however, is intended to serve merely as a companion 
ATolume and to be used in connection with a general organic 
chemistry, and the latter will prevent the student from carrying 
too far the generalizations given in this volume. 

J. Merritt Matthews. 

Pennstlvania Museum 

AND 

School op Industrial Abt, 

Philadblfhia, March, 1906. 
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CHAPTER I. 
OXIDATION. 

I. GENERAL CONSIDERATIONS. 

Oxidation is one of the most important reactions in the 
synthesis of organic compounds. Tlie element carbon has 
an especially strong attraction for oxygen, and nearly all 
organic compounds are more or less amenable to its action, 
either in a direct or an indirect manner. The compoimds of 
the parafl^ series, or, more properly, the open-chain series, are 
more susceptible to oxidation than those of the benzene or 
closed-ring series; and the extent to which the oxidation may 
be carried may vary within considerable limits, the final limit 
in all cases being the decomposition of the molecule into carbon 
dioxide and water. 

Oxidation may operate in a large number of different direc- 
tions, and by the use of an extensive series of reagents. In a 
number of instances the exact phase which the oxidation 
assumes will be dependent upon the nature of the reagent 
employed,^ and many other conditions of the reaction; in some 

^ When choline ib treated with concentrated nitric acid, it is oxidized to 
mnaoarine: 

CH,OH O CH.0 

CH,N(CH,),OH ^ CH,.N(CH,),.OH 

Choline. Muscarine. 

But when tieated with either potassium permanganate or chromic acid mix* 
tore, negative results are obtained. 
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cases, it is possible to direct the mode and extent of the oxida- 
tion by a careful selection and proper regulation of the various 
conditions, and in this manner arrive at will at different results 
from the same starting-point. In other cases, the reaction is 
not so readily subject to control, and its variations may be 
very limited. 

The elements and radicals occurring in organic compounds 
which are capable of oxidation, in one manner or another, are 
quite numerous. Carbon, as already mentioned, is especially 
susceptible to the action of oxygen; so also is hydrogen, and 
to a less degree sulphur and nitrogen, together with phosphorus 
and the allied elements which occur in a few of the carbon com- 
pounds. The halogens cannot be considered as oxidizable ia 
the proper sense of the word. The various metals which may 
occur in organic combinations, in most instances, may be con- 
sidered as subject to oxidation. But the majority of the re- 
actions which have been carefully studied are limited to com- 
poimds including carbon, hydrogen, nitrogen, and sulphur as 
the elements subject to oxidation. 

In the oxidation of the hydrocarbon nucleus (which ia 
reality comes down to the methyl radical, CH3, as the unit),, 
both the hydrogen and the carbon may take part in the reaction. 
Starting with methane, CH4, as the most highly-reduced com- 
poimd of carbon, the following successive stages of oxidatioa 
may be indicated: 

(1) The oxidation of a single hydrogen atom to an hydroxy! 
group: 

CH4+0=CH3.0.H; 

in this case but a single valence of the carbon atom is oxidized^ 
and there is no removal of hydrogen. 

(2) The removal of a single hydrogen atom by oxidation to 
water, and the formation of the oxide of the radical : 



2CH4+20=^^\)+H20; 
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this reaction may be considered as the amplification of the 
foregoing : 

2CH8.0H -H2O =c£^- 

(3) The removal of two hydrogen atoms in the form of 
water, and the formation of an imsatnrated compomid : 

CH2 
2 CH4+2O-II +2H2O; 

CH2 

this reaction may also be considered as an amplification of the 

first: 

CH3OH CH2 

-2H20= II 
CH3OH CH2 

(4) The removal of two hydrogen atoms in the form of 

water and the simultaneous introduction of an oxygen atom in 

their place : 

CH4+20=CH20+H20; 

in this case, both the hydrogen and carbon are oxidized; the 
former to water and the latter to the carbonyl group, C : 0, for 



the above compoimd is the aldehyde,^ H.C 



/H 



(5) The oxidation and removal of two hydrogen atoms as 
water, and the simultaneous oxidation of another hydrogen 
atom to the hydroxyl group and of the carbon to the carbonyl 
group: 

CH4+3O =H.c/^°+H20. 

* The intermediate reaction, that of the oxidation of two hydrogen atoms to 
hydroxy! groups without the elimination of water, does not appear to take plaoe, 
aa two hydroxyl groups cannot be attached to the same carbon atom, a mole- 
cule of water splitting off with the consequent formation of a carbonyl group: 

CH.+20-CH^g=.H,C:0+H.O. 
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(6) The oxidation and removal of all the hydrogen as water^ 
and the simultaneous oxidation of the carbon to carbon di- 
oxide: 

CH4+40 = 2H20+C02. 

From the above considerations it may be seen that the 
oxidation of hydrocarbons may occur along the following 
general lines: 

(1) Oxidation by removal of hydrogen in the form of water^ 

(2) Oxidation of hydrogen to hydroxyl. 

(3) Oxidation of carbon to carbonyl.^ 

In the first case, oxygen itself does not enter the molecule. 
This character of reaction is not a very general one, and when 
it does occur is usually brought about in an indirect manner. 
It leads to the formation of unsaturated compounds or con- 
densation products. 

In the last two cases, oxygen enters the molecule, but there 
is a difference in its mode of combination; in the second re- 
action only one valence of the carbon atom is held by oxygen, 
the second valence of the latter atom being attached to hydro- 
gen (the hydroxyl group, alcohols) or to another similar ele- 
ment or group (the alcoholates, — ONa, the ethers, — O.CH3, 
etc.)- In the third reaction, both the valences of the oxygen 
atom are directly attached to the carbon to form the carbonyl 
group, =C:0 (the aldehydes, -HC:0, the ketones, =C:0, 
and the acids, -CrO.OH). 

Some processes of oxidation occur with much more readiness 
than others; for instance, the direct oxidation of a hydrogen 
atom in a hydrocarbon nucleus to the hydroxyl group is rather 
rare, and will only take place under certain conditions : 

CH4+0->CH3.0H. 

A group, however, already containing oxygen is more susceptible 
of oxidation as a rule. For instance, the alcohol, CH3OH, is 

^See also A. Wafi^ner, Action of Oxidanls, Warsaw, 1888 (Russian). 
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rather easily oxidized to the aldehyde : 

CH3.0H+0->H.CH:0. 

In the case of compounds containing several hydrocarbon, 
residues, it is recognized as a general law that when an alcohol 
is further oxidized the second oxygen atom becomes attached to 
the carbon atom already joined to the hydroxyl group. This, 
causes the attachment of two hydroxyl groups to a single carbon 
atom, which is a very unstable grouping and immediately 
breaks down with the elimination of water and the formatioa 
of the carbonyl group: 

CH3 CH3 

I +0 



CH2.OH CH^ ^TT 

CH3 CH3 



<nTT "^ I +H2O 
OH ^^'^ 

In the case of primary alcohols containing the group 
— CH2,0H, f mother oxidation causes the formation of alde- 
hydes, having the group — CH:0; with secondary alcohols, or 
those containing the group > CH.OH, ketones are formed with 
the group >C:0. In the case of tertiary alcohols, or those 

containing the group -^.OH, as there are no more hydrogen 

atoms capable of oxidation to hydroxyl, the molecule is broken 
down with the formation of acids having a less number of carbon 
atoms. As the aldehyde group still contains a hydrogen atom,, 
it may be further oxidized with the formation of acids: 

-CH:0+0 -> -CO.OH. 

Ketones, on the other hand, cannot be f mother oxidized; if the 
oxidant employed is sufficiently powerful, the ketone is broken 
up into compounds having a less number of carbon atoms. 
In order to show the various possibilities in the oxidation 
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of the methyl group, or its derivatives, the following list of the 
theoretical product of propane is given : ^ 



CH 



3 



CH2 

CHj. 

Propane. 



CH2.< 



2.OH 
CHa 



A) 



'H3. 

Primary propsrl 
aloohol. 



(2) 
CH3. 



CH. 



OH 



ca 



CH2.0H 



CH. 



OH 



CH 



3 



Seeoodmry propyl PropySdeiie 
alcohoL glycol. 



(4) 
CH2.OH 



CH, 



i 



H2.OH 

Propyiena 
flyvol. 

(8)» 

CH:0 



CHa 
CH2.OH 



(8) 

CH:0 



CH 



i 



2 



!H3 

Propyl-aldeliyda 



CH:0 



CH.OH 

i, 



!H 



(6) 
CH3 



CO 

I 

CH3 

Aoetooe. 



(10) 
CH2.OH 



i 



o 



CHs 

AeetoL 



(7) 
CH2.OH 



CH.OH 



CH2.OH 

GlyoeroL 



cook. 



CHa 

I 
CH3 

Fropionie add. 



(12) 
CH2.OH 



CH.OH 



i, 



!H:0 

Glsroeric aldehyde. 



(13) ♦ 
CH2.OH 

CH2.OH 



(14) • 

CH:0 



CH. 



2 

CH:0 



(1S)» 

CH3 



CO 
CH:0 



(I6)__ 
CH2.OH 



i 



H, 



CO.OH 

Ethylene 
laotieaeid. 



(17) 
CH3 



CH.OH 



CO.OH 

Eth^rlidena 
laetie aeid. 



(18) < 

CH:0 



CH.OH 

I 
CH:0 



(19) • 

CH:0 



CO 

I 
CH2.OH 



' Hjelt (trans. Tingle), PrineifUt of Oentral Organic Chemittrjf, {d 105. 





OXIDATION. 




(30) 

CH:0 
CH2 


CO 




(33) 
CH2.OH 


(33) • 

CH:0 




CH.OH 


CH.OH 


CO.OH 


CO.OH 




CO.OH 


CO.OH 


^onnsrl aoeiio 
•oid. 


Pyronoemie 
add. 




Glyoerie 
acid. 




CH2.0H 


(36) 

CO.OH 




(36) • 

CH:0 


(27) 

CO.OH 


CO 


CH2 




1 
CO 


CH.OH 


CO.OH 


CO.OH 

Malooio 
wdd. 


(38) 

co.c 

CO 


CO.OH 
»H 


CO.OH 

OxymAlonio 
add. 






CO.OH 






Heiozalie add. 





The compounds whose formulas are umiamed and marked 
with an asterisk have not yet been prepared. 

Aromatic compounds, or those containing closed rings of 
carbon atoms, are not as readily oxidized in general as open- 
chain compounds. Oxidation of a compound containing a ben- 
zene ring, together with a side chain, usually results in the con- 
version of the latter into the carbonyl group; and it makes no 
difference how extensive or complicated the side-chain may be,^ 



' When several side-chains are present in aromatic compounds, their rela- 
tive position in the molecule exerts considerable influence on the direction 
and extent of oxidation For instance, dilute nitric acid does not oxidize 
metaxylene, 0JS.4{p^^)2* whereas it oxidizes paraxylene to paratoluic acid, 

C^HX no'oH* ^^ ^ ^^ ^ ^ observed that when a halogen atom is present 

in the benzene ring in the ortho-position to a methyl group, the latter does not 
«B readily suffer oxidation with acid oxidants. {Berichte, vol. 24, p. 3778). 
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it will nearly always break down to the simple carbonyl grou t 

C6H5.CH3 --> CeHs.CO.OH, 

CeH5.CH2.CH2.CH^ prj — ► CeH5.CO.OH. 

The reaction may sometimes be controlled by the use of 
mild oxidizing agents, as, for instance, in the oxidation of 
cjrmene : 

TT /CH3 yriTj _. p XT /COOH yrrrw 

and CeH4<^^^J,H3' ""^ ^«^\CO.OH' 

and CeH4<(^o!oH' "'^ ^^X^g/CHs 

\CH3 

n. ACTION OF OXIDIZING AGENTS. 

Oxidation may be brought about either directly by the 
action of a suitable oxidizing agent (as in the oxidation of 
anthracene to anthraquinone by the action of chromic acid) 
or indirectly through the formation of intermediate compoimds 
(as in the preparation of phenol from benzene by first sulpho* 
nating the latter by treatment with sulphuric acid, and then 
fusing the sulphonic acid so obtained with caustic potash) : ^ 

^ Lassar-Cohn makes the following remarks in regard to the carrying out of 
oxidations in organic chemistry: (a) When the product of oxidation is readily 
decomposed by the further action of the oxidant, it is frequently possible ta 
add to the solution a carefully chosen extracting solvent, so that on the addi' 
tion of the oxidant the whole may be shaken and the product removed from 
the influence of the latter by the solvent The use of ice for the purpose of main- 
taining a low temperature also has a beneficial effect at times. (6) If the product 
of oxidation is volatile in steam, a current of the latter may be conducted through 
the solution during the oxidation, (c) In many cases where the preparatioa 
of a particular oxidized product is especially difficult, it is frequently possible 
to judiciously choose some derivative of the substance to be operated on, which 
by proper tareatment will yield the same product. — Manual of Organic CKemitiry 
(trans. Smith), p. 244. 
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(a) 3C6H4<J V!«H4+2Cr03=3C6H4<^ \j«H4 

+3H20+Cr203. 

(b) CeH6+H2S04-C6H6.S02.0H 
C6H5.SO2.OH + KOH - CeHe-OH + KHSOs. 

Oxidation may also occur in two different directions: (a) 
The compound may contain the same number of carbon atoms 
after oxidation as before : 

CH3.CH2OH + - CH3.CH : O + H2O. 

AleohoL Aldehyde. 

(b) The oxidation may be accompanied by a decomposition 
of the molecule, with the formation of two or more substances 
containing fewer carbon atoms than the original compound : 

CH3.CO.CH3 +2O2 =CH3.C0.0H +CO2 + H2O. 

Aoetone. Acetic acid.! Carbon dioxide. 

This latter form of oxidation is especially liable to occur with 

the imsaturated compoimds of the aliphatic series, as in the 

oxidation of crotonic acid to a mixture of acetic and oxalic 

acids, 

COOH 
CHs.CH rCH.CO.OH + 2O2 -CH3.CO.OH + 1 

Crotonic acid. Acetic acid. COOH 

Oxalic acid. 

or of allyl alcohol to formic and oxalic acids: 

CO.OH 
CH2 :CH.CH2.0H + 3O2 = H.CO.OH + 1 

AUyi alcohol. Formic acid. CO.OH 

Oxalic acid. 

In such cases the compound, as a rule, breaks down at the 
position of the double bond. 

In some reactions, oxidation may result in the condensation 
of the compound, either in its own molecule or with other sub- 
stances, by reason of the elimination of hydrogen by the oxygen. 
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For instance, the oxidation of dibenzyl leads to the formation of 
toluylene : 

CeHs — CH2 CeHfi — CH 

I +0= II 

CeHfi — CH2 CeHs— -CH 

DilwiisyL TolujdaiM 

The formation of pararosaniline by the oxidation of a mixture 
of aniline and paratoluidine is also an illustration of this 
action : 

_ iH3lCeH4.NH2 /C6H4.NH2 

jHLC— C6 H4>NH2 +30 -C^^!6H4.NH2 

|H HiC6H4.NHlHi \C6H4.NH 
. ....... 1 



A large number of different bodies may be employed as 
oxidants, though the action of different oxidants may vary 
considerably towards the same organic compound. The oxi- 
dation of aniline by various oxidants may be taken as an illus- 
tration. When treated with a mixture of manganese dioxide 
and sulphuric acid, aniline yields ammonia and a small amount 
of quinone.^ When oxidized with chromic acid mixture, how- 
ever, a quantitative yield of quinone is obtained; with an al- 
kaline solution of potassium permanganate, aniline is con- 
verted into azo-benzene, ammonia, and oxalic acid;^ whereas, 
in an acid solution, the same oxidant gives aniline black, and, in 
a neutral solution, nitro-benzene and azo-benzene are formed;* 
boiled with a solution of bleaching-powder,* aniline gives nitro- 
benzene ; with an acid solution of hydrogen peroxide, ammonia 



> CeH,.NH,+ O,- CeH,0+ NH,. 

» 3C,H,.NH,+ 50-CeH,N:N.CeH,+ NH,+ (COOH),+ H,0. 
• 3CJH,.NH,+ 30- CeH^ N : N.C,H,+ C,H,.NO,+ 3R,0. 

^ Ortho-nitrobenzal-acetone is converted into ortho-nitro-cinnamio add by 
the oxidizing action of sodium hypochlorite (mixture of bleaching-powder and 
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and dianilido-benzoquinone-anilide is formed; while, in a strong 
acid solution, the same oxidant gives an induline derivative.^ 

The following summary gives the principal oxidizing agents 
employed, together with a brief account of their action: 2 

Oxygen acts directly only on easily oxidizable substances. 
Air, when acting in the presence of heated platinimi or platiniun 
sponge, will oxidize primary alcohols to aldehydes, and even 
aldehydes themselves are gradually converted into acids. 
Formaldehyde, for instance, may be prepared by conducting a 
mixture of methyl alcohol vapor and air over a heated platinum 
spiral. The hydrochloride of paraphenylene-diamine is easily 
oxidized by exposure to the air, giving almost a theoretical 
yield of tetra-amido-diphenyl-para-azophenylene : 



C6H4<^ : 



C6H3.NH2 
CeHs-NHj- 



By passing the vapors of many substances mixed with air 
over a heated spiral of copper superficially oxidized, oxida- 
tion products are obtained, as a rule, more readily than with 
a platinum spiral. Ethyl ether, for instance, is oxidized to 

aldehyde, 

CH3.CH2\i-| CH3.CHO , XT f\, 
CHa.CHa/^ "" CHa.CHO"^^^^' 

and toluene gives benzaldehyde : 

CeHs.CHa — > CeHs.CHO. + H2O. 

sodium carbonate): 

CeH.<^(2) Ch'cH.CO.CH,'^^^*^^" 

2NaOH4.CH.a+CA<i^j ^g':CH.CX).ONa- 

^ Benzylidene-aoetone is converted into cinnamic acid by the oxidizing action 
of bromine in alkaline solution. The oxidising action of bromine has also been 
made use of among the carbohydrates; for instance, by heating milk-sugar with 
bromine an acid is formed; by heating glycerol with bromine and soda-ash, 
glyceroee is formed. , 

' For a detailed discussion of the different oxidizing agents employed in 
organic syntheees, see Lassar-Cohn, Manwd of Orffanie Chemi&tty, pp. 243-286. 
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Silver oxide in alkaline solution readily oxidizes aldehydes 
to acids, with the precipitation of metallic silver: 

2CH3.CHO + 3 AgzO = 2CH3.COO.Ag + H2O +2Ag2. 

Glycerol is converted into glycoUic acid. The ammoniacal 
solution of silver oxide for the testing of aldehydes is best pre- 
pared by mixing a solution of 10 parts silver nitrate in 100 
parts water with one of 10 parts caustic soda in 100 parts water, 
And then adding ammonia-water drop by drop until the pre- 
cipitate of silver oxide has completely dissolved. The solution 
should be kept in a dark place. 

Manganese dioxide is used in connection with sulphuric acid 
for oxidation in acid solutions. When the vapor of alcohol is 
conducted over pyrolusite heated to 150-360° C, it is mostly 
converted into acetone. 

Potassium permanganate is perhaps more frequently used 
than any other oxidizing agent. It may be employed in neutral, 
acid, or alkaline solution.^ In neutral solution it acts as follows: 

2KMn04 +xH20= 2Mn02.xH20+2KOH+30. 

In alkaline solution the reaction is the same. In acid solution 
it is as follows : 

2KMn04 + 3H2SO4 = 2MnS04 + K2SO4 + 3H2O + 50. 

CSompounds containing hydrogen, linked to a tertiary carbon 
atom, have the hydrogen converted into hydroxyl by the action 
of an alkaline solution of potassium permanganate : 



R\ Rv 

R— 7CH — > R— ^.OH. 

R/ R/ 



* Keichardt, in Yds investigations on the action of different oxidizing agents 
on soluble starch, found that potassium permanganate in acid, alkaline, and 
neutral solutions, and chromic acid, have an energetic action, but all give rise 
to indefinite, dirty- brown products; chlorine and alkaline copper hydrate solu- 
tion gave the same result; but by warming the starch solution with bromine 
And afterwards treating the product with silver oxide, gluconic acid was obtained. 
Starch heated with nitric acid gave carbon dioxide and oxalic acid, whereas 
iuming nitric acid gave a mono-nitro-derivative. 
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The group =CH2 is usually converted into CO by the action of 
potassium permanganate. 

Chromic acid is extensively used for the preparation of alde- 
hydes, ketones, and acids from alcohols; for the oxidation of 
aromatic hydrocarbons (with the exception of the ortho-com- 
pounds), and for the preparation of quinones. Chromic acid 
is almost always used in acetic acid solution, as, when dissolved 
in water, it gives a precipitate of chromic oxide .^ A mixture 
of potassiiun bichromate and sulphmic acid may also be used; 
this is known as "chromic acid mixture." For the oxidation 
of the aromatic hydrocarbons, a mixture of 4 parts K2Cr207 
and 6 parts H2SO4, diluted with twice its volume of water, is 
found to be most suitable. In the case of alcohols a more 
dilute solution is necessary. Many compoimds, such as oxy- 
acids, ketones, etc., may be decomposed by chromic acid mix- 
ture, with the formation of products containing less carbon 
atoms. A mixture of potassium bichromate and acetic acid is 
sometimes used; other acids may also be substituted. The- 
oxidizing power of these mixtures is calculated on the principle 
that the CrOa is converted into Cr203 : 

KaCrgOy + 4H2SO4 = K2SO4 + Cr2(S04)3 + 4H2O + 30. 

Chromyl chloride is another useful oxidizing agent, es- 
pecially for converting the methyl groups in aromatic hydro- 
carbons into aldehyde groups. Thus, nitrotoluene is con- 
verted into nitrobenzaldehyde. Chromyl chloride is prepared 
by acting on a mixture of salt and potassium bichromate with 
fuming sulphuric acid : 

K2Cr207 + 4NaCl + 3H2S2O7 = 

2Cr02Cl2.+ K2SO4 + 2Na2S04 + 3H2SO4. 

^ The formation of the oxide may sometimes interfere with the proper coarse 
•of the reaction, especially in the case of organic acids, where the latter may com- 
bine with the oxide. Should the solution of chromic acid in water be used, it 
is best to acidify it with sulphuric or hydrochloric acid. The use of an acetic 
acid solution, however, is further favored by the fact that many of the bodies 
which it is the purpose to oxidize may be dissolved therein, and the speed of 
oxidation then regulated by gradual addition of chromic add. 
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The action of chromyl chloride is very violent, and it must be 
used in carbon disulphide solution. It is probable that at first 
double compounds are formed between the hydrocarbons and 
the chromyl chloride, which are decomposed by water with the 
formation of aldehydes : 

3C6H6.CH3(Cr02Cl2)2 ^SCeHfi.CHO +2Cr2CU +2003 +3H2O. 

Nitric add may be used as an oxidant, though it also has a 
nitrating action. When employed as an oxidant, nitric add 
diluted with two molecules of water is generally used; such an 
acid acts less energetically than chromic acid mixture. Con- 
centrated nitric acid usually converts compounds of the 
methane series into oxalic acid or carbon dioxide. 

Caustic potash acts as an oxidant when it is fused with the 
substance. The higher primary alcohols in this manner yield 
acids. Phenols, when fused at high temperatures with caustic 
potash, give diphenols.^ Unsaturated compounds are usually 
decomposed by fusion with caustic potash, the carbon chaia 
being broken at the position of the double bond, the products 
being oxidized to acids. Hydrosorbic acid, for instance, gives 
acetic and butyric acids: 

CH3.CH : CH.CH2.CH2.CO.OH + 2K0H 

Hydroaorbic acid. =CH3.C00K 4-C3H7.COOK + H2. 

^ Oxidation produced through fusion with cauBtio potash is a peculiar one. 
Prima y alcohols are converted directly into acids: 

C,.H„. 0H+ KOH« C,,H330.0K-h 2Hy 
Cetyl alcohol. Pidmitic acid. 

Phenols are also oxidized by the same means at high temperatures, the reac- 
tion varjring with the composition of the phenol, hydrogen being evolved in 
each case. Phenol, for example, gives diphenol: 

2C.Ha 0H-h2K0H- KO.CeH,.C,H,.OK-h H,+2H,0. 

Resorcinol gives diresorcinol and some phloroglucinol: 

CeH,. (OH ),+ 3K0H = C,H3(0K ).+ 2H,0-h H, 

With cresol, the side-chain is oxidized : 

^•^*\CH,"^ 2K0H- C^H,<^^^^^jj.^ jg^ 
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m. DIRECT OXIDATION. 

A. Oxidations which Preserve the Same Number of 
Carbon Atoms in the Molecule. 

Attention has already been drawn to the fact that oxida- 
tion may be either direct or indirect, and that the former mode 
may in turn be subdivided into (1) oxidation which preserves 
the same number of carbon atoms in the molecule, and (2) 
bxidation accompanied by a greater or less destruction or 
breaking-down of the molecule. When the destruction of the 
body is complete, with the formation of carbonic acid, the 
oxidation is termed combustion. 

The various radicals or groups to be met with in organic 
chemistry will now be examined with reference to their be- 
havior with oxidants. 

The -CH3 group is oxidized almost exclusively only in 
aromatic compounds. It is then changed into the aldehyde 
group, -CHO, or the carboxyl or acid group, -CO.OH. It is 
difficult to cite any examples in the paraffin series of the oxi- 
dation of the -CH3 group into -CHO or -CO.OH ; about the 
only cases known are the conversion of butyric acid into suc- 
cinic acid, and the production of glyoxal by the oxidation of 
aldehyde : 

CH2.CH3 ci CH2.CO.OH CHa.^ CHO 



CH2.CO.OH CH2.CO.OH CHO CHO 

Butyric add. SaoGinio acid. Aldehyde. Glyoxal. 

The CH3 group is converted into CHO ^ by decomposing with 
water the double compounds of the aromatic hydrocarbons with 
chromyl chloride. The compoxmd with toluene, for example, 
should apparently be represented by the following formula : 

CeHs.CHa (Cr02Cl2) 2 = CeHgCH^ q Vw^jj q jj 

^ The oxidation of the CH, group into CHO may be efifected by employing 
air in the presence of an oxidized copper spiral (Ldw, Jour. pr. Chem., vol. 91 
p, 323). By this means toluene, CeHg.CHy is converted into benzaldehyde, 
CeHs.CHO. (See above.) 
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The decomposition with water evidently proceeds in accordance 
with the following equation : 

= SCeHfi.CHO +2O2CI6 +2Cr03 +6H2O. 

The operation is carried out in the following manner : ^ 

Dissolve 1 part (1 mol.) of the hydrocarbon in 7 parts of 
carbon disidphide, and gradually add, with cooling, 10-15 parts 
of a solution of 1 part (2 mols.) of chromyl chloride in 7 parts 
of carbon disulphide; after each addition wait xmtil the red 
coloration has disappeared. The precipitate is collected on 
some glass wool, washed with carbon disulphide, and dried on 
a water-bath. It is then decomposed by gradually pouring into 
cold water, and the aldehyde is removed by means of ether. 
The aldehyde may also be isolated by treating the solution with 
a current of sulphiu* dioxide gas. Chromyl chloride, acting on 
aromatic hydrocarbons with side-chains, transforms them into 
aldehydes; with benzene, however, quinone is formed. 

By the aid of chromyl chloride, not only can the CH3 group 
in hydrocarbons be transformed into CHO, but also in their 
derivatives. For instance, the compound propylphenyl-ketone, 
C6H6.CO.CH2.CH2.CH3, when oxidized, gives benzoyl-propylic 
aldehyde, CeHfi.CO.CHj.CHj.CHO. 2 

The CH3 group in aromatic compounds is converted into 
CO.OH by the action of most oxidants. In this manner the 
hydrocarbons are transformed into organic acids either by dDute 

^ Chromyl chloride is prepared in the following manner: Fuming sulphuric 
Acid is added to a mixture of common salt and potassium bichromate in the pro* 
portions indicated by the following equation: 

Kfirfi^^- 4Naa+ SH^p^^ 2CrO,Cl,+ K^0,-|- 2Na^0,-|- 3H^0,. 

The mixture is distilled from a large flask until the contents begin to foam. 
A secondary reaction, resulting in the liberation of chlorine, proceeds according 
to the following equation: 

6CrOp,+ 3H^,0,- 2Cr,(S0j,-|- 200^-}- 6a,-|- 3H,0. 
» Burcker, Ann, de Chem. ei de Phya,, vol. 26, p. 470. 
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nitric acid, chromic acid mixture/ potassium permanganate, or 
€ven by fusion with caustic potash. The fusion with caustic 
potash is principally employed for the p\u*pose of oxidizing the 
CH3 group in phenols. This fusion should be carried out at a 
temperature of 200-250° C. for several hours; 4 to 5 parts of 
caustic potash (KOH), moistened with a little water, are used 
for 1 part of phenol. The end of the reaction is indicated by 
the liberation of hydrogen ceasing. 

In the case of amido derivatives, the NH2 group should be 
preserved against the action of oxidants by the introduction of 
an acid radical; otherwise there woidd result quinones and azo- 
compounds. Thus, 

d) CH3 

(4) NH.CO.CHs 

Aoetyl-paimtoluidine. 



C6H4<^| 



gives, on oxidation, 



r TT /(I) CO.OH 
^«^\(4) NH.CO.CH3' 

Aaetyl-paramido-benioio acid. 



The presence of the NO2 group often protects the NH2 group 
from oxidation: thus, dinitrotoluidine, on oxidation with 
chromic acid mixture, gives amido-dinitro-benzoic acid: 

3 COOK 

O 





INO2 NOalvJNOz. 

NH2 NH2 

Frequently diflferent oxidants do not behave in the same 

<(V\ CH 
(2) COOH' ^^^^ phtha- 

lic acid when oxidized by potassium permanganate; but when 
treated with chromic acid mixt\u*e it is completely decomposed 

^ In place of chromic acid mixture (4 parts potassium bichromate and 5 parts 
«iilphurio acid) there may be employed a solution of chromic acid in glacial acetic 
Add. 
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by the oxygen of the air (as m the animal organism), is trans- 

/(V\ COOH 
formed into cuminic acid, C6H4^ (4) C H ' ^^ *^® oxidation of 

the CH3 group and transformation of the CsHj group into its 
isomeric form; but when oxidized with dilute nitric acid, it is the 
C3H7 group which is attecked, and paratoluic acid is produced^ 

\A riQQTT, which on further oxidation yields terephthalic 

f 4) COOH* ^^®^ ^^^ aromatic hydrocarbon con- 
tains groups other than CH3 and of the formula CnHsn+i, they 
are oxidized like CH3 and are all transformed into COOH. Thus^ 
ethyl-benzene, C6H5.CH2.CH3, on oxidation gives benzoic acid, 
CeHs.COOH. If, besides these groups, the hydrocarbon con- 
tains another side-chain of CH3, the latter is oxidized subse- 
quently, as in the case of the oxidation of cymene to paratoluia 
acid, and then to terephthalic acid. 

The presence of the add groups^ N02y COOH, S020Hy ren- 
ders the oxidation more diflScult. Thus, while toluene, CeHsCHs, 

yci 

and its mono-chlor derivative, C6H4<f prj , are easily oxidized by 

the action of dilute nitric acid, nitro-toluene, CeH4^ prj^, is only 

oxidized by chromic acid mixture, or by heating with dilute nitric 
acid in a sealed tube ; and the corresponding dinitro-derivative, 

C6H4^pTT , is not oxidized by even chromic acid mixture. 

If the CB^ is in the ortho (1:2) position with an acid group^ 
it cannot be oxidized by either nitric acid or chromic acid 
mixture; it is necessary to use potassium permanganate in al- 
kaline solution, or fusion with potash. 

Fiu^thermore, it should be noted that in the oxidation of 
unsynmietrical pseudocumene, C6H3(CH3)3(1 2:4), by dilute 

nitric acid, there are formed two isomeric acids, Q>^zC /mr \ > 
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xylilic and paraxylilic acids, according to which CH3 is oxidized; 
but in the oxidation of the synunetrical hydrocarbon, mesity- 
lene, C6H3(CH3)3(1:3:5), there is only one acid obtamed, 

/COOH 
mesitylenic acid, C6H3<^ /^jxr x , as may be readily understood. 

The CH2 group in aromatic compounds is oxidized and con- 
Terted into the carbonyl group, CO, by means of chromic acid 
mixture, solution of chromic acid in acetic acid, or dilute nitric 
acid. In this manner the ketones are obtained: 



Diphenylmethane. Benxophenone. 



The CH2 group undergoes oxidation even in preference to 
the CH3 group. Thus, by the action of a solution of chromic 
iudd in acetic acid, ethylbenzene gives, simultaneously with 
benzoic acid, the ketone C6H5.CO.CH3. 

The CH group is characterized by the ease with which it 
is converted into the tertiary alcohol group, C.OH, which is 
true not only in aromatic compounds, but also in the paraffins. 
Thus, isobutyric acid, CH(CH3)2.C00H, by the action of an 
idkaline solution of potassium permanganate is converted into 
oxy-isobut3rric acid, C(OH)(CH3)2.COOH. Cuminic acid be- 
haves in the same .manner, being converted into oxycuminic 
acid. When the CH is in the T'-position to a carboxyl group, 
instead of obtaining an hydroxy-acid on oxidation, a ketone is 
formed by the spUtting-oflF of water. 

(CH3)2.CH. (CH8)2.C 

CH2 



gives, on oxidation, 
CH2 



COOH 




By the same method of oxidation as above, the compound 
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yCHa /CH3 

[af-SOzOH gives C6H^S02( 
\CH(CH3)2 \C.(0H)(CH8): 



CeHa^SOzOH gives C6H^S020H ; but if dilute ni- 



yCHz 
trie acid is used as the oxidant, there is formed C6H8^S020H 

COOH 

instead. Triphenylmethane, CH(C6H5)3, is converted inta 

triphenylcarbinol, C.0H(C6H6)3, by the action of chromic acid. 

The CH group, which forms a part of the closed benzene 
ring, on the contrary is oxidized with difficulty, and in the 
majority of cases only by indirect means. Benzene is con* 
verted into phenol by oxygenated water, or by oxygen in the 
presence of aluminium chloride; in the presence of sidphurie 
acid, benzene gives quinone by the action of oxygenated water. 

The presence of OH in benzene renders the CH more sus- 
ceptible to oxidation; phenol, CeHs.OH, on fusion with soda 
in the air, gives pyrocatechol, and resorcin yields phloroglucol; 
polyhydric phenols in alkaline solution combine energetically 
with the atmospheric oxygen, giving, among other products, 
acetic acid and carbon dioxide. 

CH CO 

The conversion of the group | into | in the compounds 

CH CO 

•CHv CHv 

of the type R'\ | >R" and || >R", as anthracene, 

•CHv CH — C6H4 

C6H4<^ I X'S^ ^^^ phenanthrene 1 1 | can be explained 

^CR/ CR— C6H4 

by admitting the formation of 2 (COR), which fixes 0-f R2O, 
and then splits off water, 2R2O. Thus, with anthracene there 

is first formed, C6R4\. /^OH 

It is doubtless by the aid of an analogous reaction that 
terebenthene, C10R16, is transformed into camphor, CioRieO, 



yC6R4, then 2R2O is eliminated. 
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and the latter is itself transformed into camphoric acid, which 
would not be formed by the simple fixation of oxygen. For it 
has been shown by Friedel ^ that camphoric acid is not a dibasic 
acid, but a compound of alcohol, ketone, and acid, as is indi- 
cated by the formula: 

COOH 



C.OH 
CHa/XCO 




CH2 \/ CH2 
CH 



C3H7 



The CH.OH group, is easily oxidized to CO2 by nitric acid^ 
chromic acid, potassium permanganate, or chromic acid mix- 
tiu-e. In these reactions there are frequently obtained secondary 
products arising from the decomposition of the compounds at 
first formed. In this manner, secondary alcohols are con- 
verted into ketones by the action of oxidants; lactic acid, by 
reason of its CH.OH group, gives pyruvic acid with potassium 
permanganate : 



CH3 
COOH 



^H.OH > COOH/^^' 



The CHOH group in certain cases is oxidized even more 
readily than the CH2.OH of primary alcohols; the oxidation 

CeHfi.CH.OH 
of phenyl-glycol, | , gives the ketone-glycol 

CH2.OH 

CeHs.CO 

, together with a small quantity of ketonic acid, 
JHgOH 



I 



1 BuXL 80c Chim,, 1889, p. 83. 

' This reaction may be considered as taking place in the following mAnnfir ; 

->CH.OH ► ""^ibH' ^^ -C-O. 



1 
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CeHs.CO . In the case of saturated polyhydric alcohols, 



COOH 
the contrary is true, and the CH2OH b oxidized; in this manner 
aldehydic acids may be prepared. Thus, erythrite yields 
erythric acid : 

C4H6O5 — ^ OCH.CHOH.CHOH.COOH. 

The CH2OH group on oxidation is changed into CO.OH or 
CHO.^ It is converted into CO.OH by the action of numerous 
oxidants, and, in certain cases, by the action of atmospheric 
oxygen in the presence of platinum black.^ It was in this 
manner that Grimaux^ prepared the first synthetic sugar by 
oxidizing glycerol. Primary alcohols by this means can be 
converted into acids. The action of the platinum black is at 
times too energetic, and the reaction must be moderated by 
diluting the alcohol with water. If the alcohol is very volatile, 

^The mechanism of these reactions is as follows: 



-CH|H[0|H|-|- 10|- -CHO-|-H,0 

-CHO-l-0^ ^O^' 

the alcohol group may also be considered in some cases as being directly ozidixed 
to the acid, as follows: 

~C|HH|.0H-i-l0[0* -0/3^ . 

This is a very probable assumption, because the H in the hydrozyl group 
of the alcohol is already oxidized, and when the acid is formed directly it is more 
likely that the two H's of the nucleus are oxidized and removed, rather than one H 
from the nucleus and one from the hydroxyl group. In fact, the first oxida- 
tion of the alcohol group to the aldehyde may be more logically considered as: 

-CH.HOH-I- O- -Ch/^^||| - H,0 — CHO. 

' The CHjOH group may be oxidized to the CHO group by means of air in 
the presence of platinum. (Hofmann, Ann., vol., 145, p. 358; Tollens, Ber.^ 
vol 19, p. 2133.) This was the first method employed for the preparation of 
formaldehyde, H.CHO, from methyl alcohol, CH^.OH. Superficially oxidized 
copper has been found to be even more effective than platinum. (L5w, Jour. pr« 
CAem., vol. 141, p. 323.) 

< Bua. Soc Chim., vol 45, p. 481. 
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place it in a beaker beside another one containing the platinum 
black, and cover the whole with a watch-glass. 

The CH2OH group is converted into CHO usually by means 
of chromic acid mixtiu-e, this being the customary method of 
preparing aldehydes. It is necessary to take a slightly less 
quantity of alcohol than the theoretical amoimt.^ As secondary 
products, there are obtained acetals and ethers by reason of a 
more advanced oxidation giving rise to some acid which reacts 
on the alcohol. The aromatic aldehydes are often obtained in 
a diflFerent manner. The chloride corresponding to the alcohol 
does not yield the latter very readily, but it may be directly 
transformed into the aldehyde by heating with a nitrate, and 
lead nitrate in particular. It may be that the nitric ether, 
which is at first formed, is saponified by the water, and the 
nitric acid thus liberated oxidizes the alcohol into the aldehyde. 
In order to obtain aldehydes by the decomposition of ordinary 
ethers, see p. 55; and for the action of quinone on alcohol, see 
p. 54. 

The CHO group of aldehydes is oxidized to CO.OH by the 
action of chromic acid mixt\u*e, alkaline solution of potassiimi 
permanganate, etc., or by gradually adding to the solution of 
the aldehyde in glacial acetic acid the theoretical amount of 
chromic acid dissolved in the same solvent. The unsaturated 
aldehydes are easily oxidized by the action of silver oxide. 

Aldehydes are also oxidized directly by atmospheric oxygen : 



^ The CH,OH group in choline, CH2.OH, however, gives negative re- 

CH,.N(CH,),OH 
flultB when efforts are made to oxidize it with potassium permanganate 
<x with chromio add. With concentrated nitric add, however, muscarine, 

ch/oh 

Y \0H , was easily obtained. like other similar bodies, this formula 

CH,.N(CH,),.OH 

for muscarine is open to doubt: it probably has the form of the customary alde- 
hyde: 

CH:0 

I -hH,0. 

CHyN(CH,),.OH 
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thus vanillin, on exposure to the air, is gradually converted into 
vanillic acid; benzoic aldehyde, into benzoic acid; a-naphthoic 
{tldehyde, very easily into a-naphthoic acid, etc. 

The aromatic aldehydes are oxidized in the air by fusioQ 
with caustic potash, and often even by the action of an alcoholic 
solution of potash. In the latter reaction there is formed at 
the same time the reduction product of the aldehyde : 

CeHfi-CjigjO KO C6H6.C0.0K 

7' + 

CeHs.CHO H CeH5.CH2.OH 

This reaction is peculiarly interesting in that it presents 
an oxidation and a reduction proceeding simultaneously on the 
same substance. It seems rather difficult to understand just 
how a hydrogen atom migrates so illogically from one mole- 
cule to another. It may be that the reaction takes place after 
this fashion: 



CeHs-CHO -V H /'lol -hCeHgCHO 



^CeHsCHa.OJK ^CeHs.CHg.OH 
" C6H5.CO.OiSi~C6H6.CO.OK. 

: — \ 

In order to effect this reaction it is necessary to employ a very 
concentrated solution of caustic potash, and allow the mixture 
to stand for several hours, taking care not to allow the tem- 
perature to rise too high. After diluting with water, the alcohol 
is removed with ether, and the acid is obtained from its aqueous 
solution. 

In the paraffin series this reaction gives resins and con- 
densation products. Like the aromatic aldehydes, glyoxal is 
reduced by alcoholic potash, giving glycollic acid. 

All the cases of oxidation which have been met with so far 
may be considered as a fixation of oxygen, or as a replacement 
by OH of a hydrogen united to carbon. It has not yet been 
possible to fix oxygen to the carbon in imsaturated compounds. 
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with the exception of carbon monoxide. By passing a current 
of strongly ozonized dry air through anhydrous ether, ethyl 
peroxide is formed, C2H5.O.O.C2H5, a liquid which decomposes 
on heating, and reacts with water to form alcohol and hydrogen 
peroxide. 

The conversion of cyanides into cyanates presents an ex- 
ample of changing from the metallic radical into .OM, analo- 
gous to the transformation of H into .OH. 

If the transformation of alcohols into aldehydes, etc., how- 
ever, is not a simple removal of hydrogen, there are cases where 
oxygen causes the removal of hydrogen. The body then com- 
bines with itself; in this manner there are formed bisulphides, 
pinacones, etc., or a double linking is formed between two car- 
bon atoms. Thus, by passing the vapor of dibenzyl over 
heated lead oxide, stilbene is formed : 

C6H5.CH2 (\ CeHs.CH 

I -^- Ti 

C6H5.CH2 CeHs.CH 

Very probably an intermediate compound is formed at first 
which afterwards loses a molecide of water : 

C6H5.CH2 Q CeH5.CH.iOH_ jj Q CeHs.CH 

► I I ► 



C6H6.CH2 CeHs.CH.jH CeHs.CH 

The hydrogen addition products of the aromatic hydrocar- 
bons can also lose their hydrogen by the action of oxidants, Uke 
fuming nitric acid, for instance, only, in place of obtaining the 
aromatic hydrocarbon, the nitro derivatives are produced : thus, 
C6H4(CH3)2.H6,hexahydride of xylene,gives C6H.(N02)3.(CH3)2. 

In the same manner the hydro-pyridine compounds lose 
hydrogen and pass into the pyridine derivatives. For ex- 
ample, piperidine, CsHuN, gives pyridine, CsHs.N; the hydro- 
chloride of conicine, C8Hi7NC6H4(C3H7)N.H6, gives propyl- 
pyridine, C5H4(C3H7)N. 

The removal of hydrogen from nitrogen compounds by oxi- 
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dation gives rise to a double linking between two carbon atoms, 
between a carbon and a nitrogen atom, or between two 
nitrogen atoms.^ Thus, amarine, C21H18N2; gives lophine, 
€2iHieN2, on oxidation with an acetic acid solution of chromic 
acid. These two bodies can be represented by the following 
f ormidas : 

CeHs-CNHv ^ CeHs.C.NHv 

II >CH.C6H5-^-^ II ^C.CeHfi. 
CeHs-CNH/ CeHs.CN ^ 

The primary amines of the paraffin series, on oxidation with 
an alkaline solution of bromine, yield nitriles : 

R.CH2.NH2 — ^ R.C^N. 

These latter bodies may be converted again into amines by 
reducing agents. Without doubt, the removal of hydrogen 
from the amines takes place through the formation of an inter- 
mediate derivative, R.CH2.NBr2, which subsequently, by the 
action of the alkali, splits off 2HBr : 

RCH2.NH2— ^-R.CH2.NBr2 _^gg^ ->R.CN. 



The hydrazo derivatives are easily changed into azo-com- 
pounds: 

R.NH Q R.N 



R.NH R.N 



^ The oxidizing action of the air converts para-phenyleno-diamine, C^H^^ \A y^» 

/(I) N (1) c.H/(r' 3 

into tctra-amido-diphcnyl-pan-azophenylene, C,H4< | Mr! uu' 

\l) N (1) C.H,<(g 5;«. 

Manganese dioxide and sulphuric acid, however, convert it into quinone, while* 
with bleaching-powder, it gives quinone-dichloride; para-amidophenol is also 
oxidized in dilute solution by the air. 
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This may be brought about by the action of nitrous acid, mer- 
cury oxide, chlorine, bromine, ferric chloride, Fehling^s solution, 
etc. In many cases simply atmospheric oxygen is sufficient. 

The hydrazines also give diazo derivatives; thus, the salts 
of phenyl-hydrazine, with mercuric oxide, are changed into the 
salts of diazo-benzene : 

CflH5.NH-NH2.HX— 2H2 =C6H6N = NX. 

In some cases, oxidation is accompanied by a hydration,, 
especially with unsaturated compounds. One would think that 
in most cases the action of oxidizing agents in such bodies 
woidd be to break up the double-linking; but from recent re- 
searches (principally those of Wagner) it would seem that these 
bodies, when oxidized by potassium permanganate, preserve 
the integrity of their molecule, and that the ruptiu-e is only due 
to the oxidation which is continued on the bodies formed in the 
first place. According to this, there would occiu* in unsat\u*ated 
compounds the fixation of + H2O, that is to say, the elements 
of hydrogen dioxide, or 2(0H).^ 

It is in this manner that the unsaturated hydrocarbons 
CnH2n are transformed into glycols, and the unsaturated 
alcohols C^HinO into glycerols: 

CH2.OH CH2.OH CH2 oj-tt n CH2.OH 



i 



12' ^ 



H O+H2O CH.OH CH2 CH2.OH 



CH2 CH2.OH 

The yield of glycol is about 50 per cent, of the theoretic 
quantity; it may be increased by taking a weaker oxidant. 
This is the simplest manner of obtaining the higher glycols. 

^ See Wagner, Action of OxidarUSf etc. This kind of reaction is very simi- 
lar to that of A. Zaytzefif, who admits the formation of an oxide and the sab- 
sequent fixation of a molecule of water. It is known, besides, the oxygenated 
water (OH), oomb'nes directly with ethylene, giving ethylenio glyooL 
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In the researches of Wagner, the method of procedure was 
as follows: 30 grams of the hydrocarbon are placed in a large 
flask with a litre of water, and vigorously agitated, whUe addmg 
about 5 litres of a 1 per cent, solution of potassium perman- 
ganate. The proportions should be such that there is 1 atom 
of oxygen for 1 molecule of the hydrocarbon, and 1.5 to 2 atoms 
for higher numbers. 

The action of potassium permanganate on the hydrocarbons 
Cn H2n furnishes a good means of establishing their constitution. 

The oxidation of the alcohols Qn^2rfi with potassium 
permanganate gives trihydric alcohols. The hydrocarbons, with 
two double bonds CnH2n-2, as, for instance, diallyl, are con- 
verted into tetrahydric alcohols by reason of the fixation of 
02+2H20 = (OH)4. 

The unsaturated hydrocarbons and acids are easily changed 
into saturated acids by the action of potassium permanganate. 
A. Zaytzeff ^ has shown that oleic acid, C18H34O2, is transformed 
into dioxy-stearic acid, Ci8H34(0H)202.^ From fumaric acid 
in the same manner is prepared tartaric acid.^ 

The supposition may be made that in this transformation 
of unsaturated acids into saturated ones, for example, of palmi- 
tolic acid C16H28O2 into oxy-palmitolic acid, C16H28O4, there is 
not a fixation of O2, but a combination with (0H)4, accom- 
panied by a liberation of 2H2O. 

Wagner thus gives an explanation of the interesting fact of 
the change of non-symmetrical ethylene dibromide into brom- 
acetyl-bromide CH2Br.CO.Br, observed by Demole. 

. ^ Jour, Soe. Pkya, Chim, Russe, yoL 17, p. 417. 
» Ibid., vol. 24, pp. 13-27. 

*8. Tanatar, On ihe Constitutional FormuUB of Fumaric and Oleic Adds, 
See Jour. 8oc Phya. Chim, Rusm, vol. 13 (2), p. 250. 
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B. Direct Oxidation Accompanied by Decomposition of the 

Molecule. 

This series of reactions includes the influence of oxidants 
on tertiary alcohols, polyhydric alcohols/ ketones, and many 
aromatic compounds. 

The oxidation of tertiary alcohols takes place with fixation 
of 0-f H2O; the two groups which are the richest in hydrogen 
remain in combination with the C.OH group, while the third 
radical is split off and is subjected to a further oxidation. 

Thus, in the oxidation of trimethyl-carbinol there is 
obtained acetone and carbon dioxide : 

CH3\p/iCH3_^OH +O3 -2H20^CH3\ CO2 

CH3/^\0H "^OH - H2O CRz/^^^ 

Dimethyl-ethyl-carbinol, imder the same conditions, gives 
acetone and acetic acid : 

(CH3) 2C.OH OH -H2O (CH8)2.CO 

CH2.CH8 OH + O2 - H2O CH3.CO.OH 

with isopropyl-dimethyl-carbinol; two molecules of acetone 
are obtained: 

(CH3)2.C.0H OH -H2O = (CH3)2CO. 

a— — ■■ITT I •••••••••-•• 

Cn/^gJ OH-fO-H20 = (CH3)2CO. 

The acid-alcohols behave in the same manner as the 

tertiary alcohols. 

/OH 
Thus, with the tertiary acid-alcohol, ^2C<r qqqtt, the ketone 



^ Prjibuitek, On Some Oxidaiion Products of the Polyatomic Alcohols. St. 
Petenburg, 1881 (in Russian). By the oxidation of erythrite with potasdom 
pemnanganate, oxalio acid was obtained. 
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/OH 
R2CO is formed; with the secondary acid-alcohol RCH<^ COOH' 

the aldehyde R.CHO is formed : 

R2.C.OH OH - H2O = R2.CO 

I + 

CO.OH OH-H20=C02 

2\:!.0H OH -H2O -R.CH.0 
CO.OH 0H-H20«=C02 

Certain acids of the preceding general formula are sometimes 
oxidized and still preserve the integrity of their molecule. 

The decomposition of the misatnrated hydrocarbons by 
the action of oxidants is merely the result of a further oxidation 
of the first products formed. Bv fusing with caustic potash, 
for instance, some of the acids of the acrylic series undergo an 
oxidation simultaneous with their reduction. Also, isobutylene 
on oxidation pves a glycol, which further yields an hydroxy- 
acid, and the latter is decomposed into a ketone and an acid : 

(CH3)2.C OH (CH3)2.C.0H (CH3)2.C.OH 

II + — I — I 

CH2 OH+O2-H2O CH2.OH CO.OH 

(CH3)2C. OH .OH-H2O (CH3)2.CO 

I + 

CO.OH OH-H2O CO2 

If the oxidation takes place in the presence of an acid, a 
glycol is formed, which then loses a molecule of water, and by a 
further oxidation gives abnormal products. 

Cinnamic acid, C6H5.CH:CH.COOH, for example, should 
give at first, on oxidation, a di-acid alcohol, and this latter body 
is subsequently converted into benzaldehyde and glyoxylic 
add: 
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C6H5. CH Q CeHs. CH.OH rvrr CeHs.CHO 



COOH.CH H^H COOH.CH.OH ^^ CH(0H)2.C00H 

These finally are converted by oxidation into benzoic acid 
and oxalic acid. These reactions serve as a means of detecting: 
the presence of cinnamic acid, it being recognized by evolving 
the odor of benzaldehyde when heated with Pb02. It might 
be noted that this method of oxidation frequently causes a 
division of the molecule.^ Glycol, for instance, in dilute alka- 
line solution, when treated with lead peroxide, gives formia 
acid with a simultaneous evolution of hydrogen gas : 

CH2.OH pKH H.COOH 

^^^-. +H2. 



CH2.OH H.COOH 

Alcohol, cancHsugar, and other such compounds behave in a 
similar maimer, yielding the same products: 



CH3 T>Kn H.COOH 

+H2. 



PbO 



2 



CH2.OH H.COOH 

Ortho-nitrobenzaldehyde may be conveniently prepared front 
cinnamic acid. The solution of the latter is poured into- 
benzene, and there is added with constant stirring a dilute 
solution of potassiimi permang^,nate. The aldehyde at first 
formed passes into solution in the benzene, and is thus preserved 
from further oxidation. Tliis, in fact, is a good general method 
for protecting easily oxidizable products from being decomposed 
by successive oxidation. After each addition of the oxidant,, 
the liquid should be well shaken or stirred, in order to remove 
the aldehyde as much as possible from the further oxidizing 
influence of the potassium permanganate. 

* Thus urio acid gives aUantoin. 
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Ketones are oxidized with hydrolysis; that is to say, there" 
is a fixation of O + HiO^'COH)^, For example; 

CH3.CO nw CH3.CO.OH 

I +-^ . 

CHg.CHa OH + O2-H2O CH3.CO.OH 

CH3.CO QJJ CH3.CO.OH 

(CH3)3.CH OH + O-H3O (CH3),.C0 
(CH3)3.C.CO QJJ (CH3)3.C.CO.OH 

CH3 OH + Oa-HjO H.CO.OH 

The oxidation of ketones is a more complicated reaction 
than would at first sight appear.' In fact, the products which 
are obtained are dependent upon the nature of the oxidant 
and the circumstances of the reaction. Thus, ivith chromic 
acid mixture, there is usually obtained, not Iwo, but four, 
compounds; the decompodtion taking place in two different 
directions, on account of the oxidation of the two CH3 groups 
attached to the CO. We have a proof of it in the oxidation 
of ethyl-isobutyl-ketone : the principal products formed are 
acetic and isovaleric acids, while, at the same time, propionic 
and isobutyrie acids are produced : 






<CH3)aCH.CH2/^^ +0H - (CH3)a.CH.CH2.C0.0H 

CH3. CH,\p„ +0H ^-CHa.CHj.CO.OH 

<CH3)2.CH.CH2/^V+OH + Oa-HjO-(CH3)a.CH.CO.OH 

One form of the decomposition always predominates over 
the other. That found in the example given above is exactly 
contrary to the ideas of Popoff. In some ketones, where the 

' Moro au Ihsn ia included in Popoff'a l&» of oxidation. See A. PopoS, On 
the Oxidation of KctoTKt, Kazan. 1869; and On tht .VormaJ Oxidation of Kttona, 
VVanaw, \%'l. Hee also Wagner. Synthaia and Oxidation o/ the Stfondaiy 
AltokoU. Si. Petonburg, 1335. <AU of theae in Rusoion.) 
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two atoms of carbon linked to the CO group do not have hydro- 
gen, oxidation takes place without rupture of the molecule, and 
with the formation of a ketonic acid, CeHs.CO.CeBU.CHs, is 
oxidized to C6H5.CO.C6H4.CO.OH. 

The temperature has an influence on the character of the 
Teaction. In the cold, methyl-butyl-ketone with potassium 
permanganate, or chromic acid, gives only butyric and acetic 
^ds; if heat is employed, there is formed an acid containing 
more carbon atoms (probably valeric acid). 

Similarly to the ketones, the ketonic acids are decomposed 
according to the following reaction : 

R +OH=R.OH 



co<^x.r- — + OH = x/^o-o^ 



CO.OH'^^^^^XCO.OH 



The group R.OH then imdergoes a further oxidation. The 
higher fatty acids are decomposed by oxidation into mono- 
and di-carboxylic acids, with the constant and characteristic 
formation of succinic acid. The silver salts of the fatty acids 
are partially decomposed on dry distillation; this decomposition 
may be represented by the equation : 

2nCnH2n-i02Ag= (2n- l)CnH2n02+C02+ (n-l)C+2nAg. 

The salts of diatomic acids, such as fumaric acid, are entirely 
decomposed by iodine. The oxygen liberated oxidizes the 
anhydride f oimd in accordance with the equation : 

C4H204Ag2 + 12 = 2AgI + C4H2O3 + 0. 

Caproic acid, CH3.CH2.CH2.CH2.CH2.CO.OH, with nitric 
acid, gives acetic and succinic acids; from oenanthylic acid, CH3.- 
CH2.CH2.CH2.CH2.CH2.CO.OH, propionic and succinic acids 
are obtained. It is probable that ketonic acids are formed, 
which are further decomposed according to the equation: 



34 ORGANIC SYNTHESES. 

+ OH + O2. - H2O = CH3.CO.OH 



-yy /CH2-CH3 



2.CH2.CO.OH+OH - CH2.CO.OH 

OH 



CHj.CO.i 



It is possible that the decomposition of different aromatia 
hydrocarbons by oxidation may proceed with the formation of 
ketones. All that is known is, that the oxidation of ethyl 
benzene, C6H5.CH2.CHI3, gives the ketone CeHj.CO.CHsy 
aoetophenone. 

The oxidation of naphthalene into phthalic acid, as expe- 
rience proves, does not take place directly, but a ketonic acid 
is formed as an intermediate product : 




yCO.CO.OH yr^ Q2 



► C6H4<r ► C^EUk oc\ 



The best oxidant to employ is a chromic acid mixture : the 
acetic acid solution of chromic acid gives principally the naphtho- 
quinone C10H6O2. Quinoline, C4H4.C6H3N, behaves like naph- 
thalene and gives pyridine dicarboxylic acid (C00H)2.C6H3N. 

It has been shown that in the oxidation of aromatic hydro- 
carbons, the groups CaH2n+i, like CH3, are converted into 
carboxyl, COOH; the group CeHs behaves in a like manner, 
and thus diphenyl gives benzoic acid: 



CeHs.CeHs ► C6H5.CO.OH. 

The oxidation of additive hydrogen aromatic compounds gives 
some interesting results: quinic acid, C6H7(OH)4CO.OH, with 
manganese dioxide and sulphuric acid, is converted into qui- 
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nolle; it was in this maimer that the latter was discovered by 
Woskresenky.i The hydrochloride of a-t?tra-hydro-naphthyl- 
Jtmine, NH2.C13H7.H4, with permanganate, gives adipic acid, 
€eHio04 (yield, about 18 per cent). 

Benzene with potassimn chlorate and sulphuric acid gives 
j8-trichlor-acetyl-acrylic acid, CCl3.CO.CH-CH.CO.OH (also 
called trichlor-phenomalic acid), which has been wrongly taken 
ior trichlor-hydroquinone. 

The azo derivatives are oxidized with a decomposition of 
their molecule. It is probable that azo-benzene, CeHsN: 
If .CeHs,^ heated for some time in a sealed tube with an acetic 
add solution of chromic acid, is converted into nitrobenzene, 
€flH6.N02(?).3 

IV. INDIRECT OXIDATION. 
A. Substitution of a Halogen by the Hydrozyl Group.^ 

This reaction, which results in the formation of an 
alcohol, may be brought about by the action of water 
alone; generally it is necessary to heat in a sealed tube. If 
the alcohd formed is soluble in water, it may be isolated by 
means of potassium carbonate. Tertiary compounds more 
easily give up the halogen than do the secondary compoimds; 
and these, in turn, more readily than the primary compounds. 

* A. Woskresensky, On Quinic Acid and the Discovery of a New Product , 
^inone, St. Petersburg, 1839 (in Russian). 

> P6trieff, Data for the Study of Azo-Bemene, Odessa, 1872 (in Russian). 

'See Jour. Soe, phya. Chirm Russe, vol. 18, p. 387. 

^ The conversion of primary alcohols into aldehydes by the oxidizing action 
of chlorine is no doubt an indirect reaction, there first being a substitution of 
iiydrogen by chlorine and then a subsequent splitting off of hydrochloric acid: 



C,H,.OH+ Cl,= CH,.CH<Qqjj_j^ jjq. 



CH,.CH<Qqjj ^ CH,.CH:0-hHCL 

The formation of chloral from ethyl alcohol may be explained in this way, there 
ftlso occurring a simultaneous substitution of the hydrogen of the CH, group 
]>y chlorine. 
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For example, tertiary amyl iodide is easily converted into the 
corresponding alcohol by agitation with cold water: 



(CH3)2.(C2Hi)C.I 



H2O 



^ {CH3)2(CaHi).C.OH. 



Triphenyl-brom-oiethane, (CflH5)3-C.Br, behaves in the same 
mamier. Isopropyl iodide, (CHa)2,CHI, however, is only con- 
verted into isopropyl alcohol, (CH3)2.CH.OH, after a long 
heating under pressure with a large quantity of water. And 
the conversion of isobutyl iodide (CH3)z:CH.CH2l, or of primary 
isoamyl chloride (CH3)aCH.CH2.CH2.Cl, takes place with even 
greater difficulty. Isobutyl iodide, however, with silver oxide 
and water, instead of giving the corresponding alcohol, ^ves 
tertiary butyl alcohol. 

This method of obtaining alcohols is only appUcable in 
cases where the halogen compound does not easily form an 
unsaturated body through the splitting off of hych-ochloric 
acid. In all cases, however, it is best to use an excess of water 
in order to prevent the formation of an unsaturated body. 
For instance, rt-hexyl iodide with a small amount of water 
gives hexylene and hydriodic acid; with a large excess of water, 
it furnishes the alcohol, CH3.(CH2)3.CH.(OH)CH3. Some- 
times, secondary products are formefl; on heating ethyl bromide 
with a little water to 200° C, ethyl oxide is formed, at the 
same time as ethylene. C2H4, and hydrobromic acid, from the 
further action of the ethyl bromide on the alcohol. 

In decompowng the iodides, sealed tubes may be avoided 
by the use of oxides (PbO, Ag20, HgO), bariimi hydrate 
(Ba(0H)2), or the carbonated alkalies, K2C03 and Na2C0a. 
Silver oxide is particularly good for those iodides which easily 
give unsaturated compounds, for the reaction then takes place 
without the necessity of heating. The other hydrates and 
carbonates only act well on boiling, and always lead to the 
formation of unsaturated compounds. In certain cases, when 
these latter cannot Iw formed, the substitution of a halogen by 
OH is effected by the aid of the hydrates of the alkaline nictals. 



OXIDATION. 37 

/CI 

Thus, monochloracetic acid, CH2<f cqq jj> with potassium hy- 

<0H 
COOH" 

If there are several halogen, atoms present in the molecule, 

they are usually all replaced together, whether they are fixed 

to a single carbon atom or to several carbon atoms. Thus, 

benzylidene chloride, C6H5.CH.CI2, gives benzaldehyde, 

CeHs.CHO (the best process is to heat with anhydrous oxalic 

acid). The a-dichlor-propionic acid behaves in the same 

manner. Phenyl-chloroform, CeHs.C.Cla, with water at 150° C, 

very readily yields benzoic acid, CeHs.COOH; and the action 

of soda on the ether of trichlor-lactic acid, CCl3.CH(0H).C00H, 

is the most convenient method for the preparation of tartronic 

acid, CH.(OH) (C0.0H)2. In tfie same way, ethylene chloride, 

CHg.a 

I , gives glycol, and trichlor-hydrin, CHgCl.CH.a.CHaCl, 

CHg.a 

with 20 parts of water at 160° C, gives glycerol. Occasionally, 

however, when CnH2nBr2 is heated with water, instead of 

obtaining the corresponding glycol, an aldehyde or a ketone is 

produced. Sometimes all of the halogens cannot be removed; 

dibrom-proprionic acid, CH2Br.CHBr.COOH, on boiling with 

water and silver oxide, is only converted into brom-hydracrylic 

acid, CH2(0H).CH.Br.C0.0H. 

For the preparation of glycols, especially the lower homo- 
logues, the halogen compoimd may be boiled with a large 
excess of water, and the theoretic quantity of carbonate of 
potash with an inverted condenser. With water alone, the 
reaction proceeds slowly, and only when heated imder pressure. 
The yield is increased with the quantity of water, but it is 
diflScult to obtain 50 per cent, of the theoretical amount, as 
there is always a part of the compound which is changed into 
an imsaturated body. 

The introduction of OH can be made in a simple manner 
by the action of a silver salt (or of another metal) on any of 
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the acids; in tliis maimer an ester is at first obtained wtiicli is 
subsequently saponified. 

Durbig the replacement of a halogen by OH in the sub- 
fitituted carboxylic acids, hydrochloric acid ia often evolved. 
The best results are obtained by a long-continued heating with 
water alone. 

When the halogen occurs in the benzene ring, in order to 
replace it with OH, it is necessary to fuse with potash. Mono- 
iodo-benzene, however, by this method does not give a trace 
of phenol. 

The displacement occurs more readily if the compound 
contains, next to the halogen atom, another halogen atom, or 
one of the groups OH, N02, or COOH, Thus, dibrom-toluene, 

yd) CH3 
CeH3r-(3) Br with a Uttle water in a sealed tube, gives orcinol, 
\(5) Br 



/(I) CH3 

C»Ha^(3) OH. 

\(5) OH 



Ortho-iodo-phenol, CeH*' 



/(i)i 



on fusion 



with potash, gives pyrocatechol, C6Hi<^ L' ,,.,, 1 



mto 



p „ /(I) OH 
^'^\{2) OH' 



\(2) OH' 

and meta-<;hlor- 

benzoic acid gives meta-oxy-benzoic acid. Hexachlor-benzene, 
CfiCle, heated with glycerol and caustic soda, is converted into 

CeClsOH. and, with water at 200° C, 

pyrocatechol. 

It often happens in these fusions with potash that there ia 

■ a molecular transformation, either by reason of too prolonged 

an action or too liigh a temperature. The ortho- an{i meta- 

bromphenols, when fused with potash, both give pyrocatechol 

and resorcinol, CflH<<^ \„l (-,„. The alkali during the fusion 

behaves at times as a reducing agent and again as an oxidant : 
and thus it is possible to explain the molecular tran.siH>sition 
by two successive reactions of oxi<lation and reduction. The 

orthf>-!)roniphenol, CbH<<\ (O) Br ' '^ '^^ ^"^^ transformed into 
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/(I) OH /,j. Qg 

C6H3^(2) Br , and then into resorcinol, C6H4<^ )Ji f>.^. 
\(3) OH ^^"^^ ^^ 

The presence of the NO2 group facilitates the exchange of 

halogens with OH, especially when the two substituents are in 

the ortho (1:2) or meta (1:3) positions. In the latter case the 

influence is so great that the nitro-chlor-benzene, C%B^\ Lx ^^L 

may be transformed into ortho-nitrophenol, C6H4<^ ^^^ mq ' 

by gently heating with an alkali. If there are two nitro groups, 
boiling with sodiiun carbonate is suflScient to replace a halogen 
with the OH group; as, for example, with dichlor-dinitro- 

/(l) CI 
benzene, C6H2ZI/4\ rn ^ which, under the conditions men- 

\(6) NO2 

/(I) OH 
tioned, gives chlor-dinitro-phenol : C6H2ZI/4X ^i ^. It may 

"^(6) NO2 
happen with chlor-nitro-compounds, if there are several 
NO2 groups, that one of these may also be exchanged for 
OH. 

Among the other aromatic compounds, which readily ex- 
change their halogen groups for others, are to be noticed the 
brom-anthraquinones, and the halogen derivatives of quinoline 
(in the pyridine nucleus). Thus, mono-brom-anthraquinone, 

C6H4<^ PQ yCoHsBr, on fusion with potash at a moderate tem- 
perature, gives monoxy-anthraquinone, C6H4^ pQ yCeHaOH. 
The oxidation is the more complete as the temperature is more 

elevated. The a-chlor-quinoline, | | I , is distinguished 



N 
from its isomers in that, when heated with water at 120° C, it gives 
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; while the /?- ami r-chlor-quinolines undergo no 



N 



change even when heated with potash at 220° C. 

The chlorides of the organic acids, such as benzoyl chloride, 
CeHs.CO.a, and acetyl chloride, CH3.CO.CI, readily exchange 
their CI for OH by the action of water. 

The chlorides of the sulphonic acids are very stable in their 
behaviour, and in order to transform them into their correspond- 
ing acids it is necessary to subject them to prolonged boiling 
with water, or, in order to accelerate the reaction, with metallic 
hydrates or oxides. 

In compounds analogous to {CHsjSI, the halogen may be 
replaced by OH with the aid of recently prepared hydrated 
oxide of silver. Halogens united to nitro^n behave in the 
same manner : 

- 2CCH3)4NI + AgjO + HjO = 2(CH3)4N.OH +2AgI. 



The chlorine derivatives of amines are not as readily decom- 
posed as the iothne compounds. 



/CHa.CaHj 
Thus: N(Cl)A:eH6 

(formed by the action of benzyl chloride on dimethylaniline) 
is not at all converted into the corresponding hydrat* by the 
action of moist silver oxide. In this particular case it is neces- 
sary to prepare the sulphonic derivative, which is then decom- 
posed with the theoretical amount of baryta. In a salt of an 
amine, when a halogen is united to carbon, it may be replaced 
by OH by the aid of moist silver oxide, or may even be 
eliminated in the form of its hydrogen acid: 



CS> 8ive. ^«c'h°J!>OH- 
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B. Oxidation by the Use of Ammonia Derivatives. 

The displacement of NH2 by OH (from bases or from acids) 
is brought about by the action of nitrous acid. 

The nitrites of the amines behave like the nitrite of am- 
monia when heated with water : 

NH4.NO2 = N2 + H.OH + H2O. 
R.NH3.NO2 = N2 + R.OH + H2O. 

In order to transform NH2 into OH, the nitrite of the amine 
is first prepared (by double decomposition of the hydrochloride 
with silver nitrite, AgN02), then subsequently decomposed by 
heat; or, further, by treating the amine with nitrous oxide, 
N2O3, in the presence of water, imtil nitrogen ceases to be 
evolved. 

The amines of the parafiin series often give secondary 
products. Thus, normal butyl-amine, C3H7.CH2.NH2, besides 
normal butyl alcohol, C3H7.CH2.OH, also gives secondary butyl 

alcohol, CH3.CH2.CH/Q^^ butylene, CH3.CH2.CH=CH2, and 

(C4H9)2.N.N0. 

In the benzene derivatives the reaction is brought about by 
heating any salt of the azo compoimds with water. 

A good yield of meta-chlor-phenol (1:3) may be obtained 
in the following manner: Dissolve in water the nitrate of meta- 

chlor-aniline, CeBU^^ SJ. pi ^' ^, cool well, and saturate 

with a current of N2O3 gas; on adding a cold concentrated 
solution of mercuric chloride, HgCl2, a double compound of 
mercury separates out, which is subsequently decomposed by 
boiling with water imtil nitrogen ceases to be evolved. Soda is 
added; the oxide of mercury is filtered off; the filtrate is acidu- 
lated, and the chlor-phenol is separated by dissolving in ether* 
The same method of making phenols may also be used in 
the preparation of oxy-phenols, the chlor- and nitro-derivativea^ 
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the oxy-aldehydes, oxy-ketones. Certain of the brom- and 

chlor-amines present exceptions to the usual procedure, the 

NH2 being replaced by H instead of OH. Thus, the diazo- 

/(2) Br 
compound of dibrom-anillae, CeH3^(l) NH2, when decom- 

\(4) Br 

posed 'by boiling with water, gives di-brom-benzene; the 

/(1)CH3 
chlor-toluidine, CeHs^CS) CI , in place of chlor-cresol gives 

\(4) NH2 

chlor-toluene, C6H4<('jJj q^^' 

The NH2 group in acid amides of amido-carboxyl and 
smido-sulphonic acids is very resistant to the action of nitrous 
Acid, N203.^ Thus, the amides of the meta- and para-amido- 

benzoic acids, C6H4<^ pQ jttj , through the medium of the 

diazo reaction, are converted into C^B^^ ^q ^^t > but the group 

CO.NH.2 remains unchanged; the amide of the ortho-amido- 

sulphonic acid of benzene, C6H4<^ L( gQ ^jjjj , behaves in the 

same way. 

If a very negative element or radical occurs with the NH2 
group, the latter, by the action of alkalies, is often converted 
into OH with the elimination of ammonia. Many aromatic 
amido compoimds in which the NH2 is in the ortho- or para- 
position to NO2 behave in this manner. For example, para- 

nitro-aniline, C6H4^/J i^Q^ with potash, gives para-nitro- 
phenol, C6H4<^j4^j j^q^. 



* If there is no XU, group in the aromatio nucleus, then it is the SO,-NH^ 
group which is attacked by the nitrous oxide. Thus: 
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The NH2 group wheQ joined to CO, is easily converted into 
OH by the action of acids or alkalies. The acid amides are 
thus changed into carboxylic acids. Formamide with concen- 
trated caustic potash, even in the cold, gives potassium formate 
with Uberation of NH3. In other cases it is necessary to boil 
with the alkali for a prolonged time in order to liberate all of 
the ammonia. In place of potash, soda may be used, or even 
barytes or caustic lime. The NH2 group in acid amides is 
converted into OH by the action of nitric acid. Thus, 
CH3.CO.NH2 + NO2.OH = CH3.CO.OH + N2O + H2O. Substituted 
acid amides, such as methyl-acetamide, behave in the same 
manner. By the action of nitric acid on dimethyl-acetamide, 
there is formed, at the same time with the acetic acid, dimethyl- 
nitramine: 

CH3.CO.n/^^J+N02.0H=CH3.CO.OH+^^\n.N02. 

The amides of the di-acids, by the action of boiling ammonia, 
are converted into the amido-ammonium salts. For example: 

CO.NH2 CO.NH2 



CO.NH2 CO.ONH4 

Oxamide. Ammonium oxamate. 

If alkalies act but slowly on acid amides, they may be 
heated in a sealed tube with concentrated hydrochloric acid. 
With the keto-amides R.CO.CO.NH2, however, it is necessary 
to operate with caution, for they are easily decomposed: 
(CH3)2.CH.CO.CO.NH2, by the moderate action of hydro- 
chloric acid, furnishes, simultaneously with the acid, (CH3)2. 
CH.CO.CO.OH, considerable iso-butyric acid, (CH3)2.CH.COOH. 

The amides of sulphonic acids, on treatment with hydro- 
chloric acid at 150° C, are converted into sulphonic acids; 
if the reaction is energetic it may even happen that the 
SO2.OH group is removed. The SO2NH2 group is very resist- 
ant to alkalies. 
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The transfonnation of >N.OH into takes place by the 
fiction of concentrated hydrochloric acid on the iso-nitroso- 
compounds and aldoxinies, heating if necessary; a weaker 
scid, such as acetic, may also be used : 



CH,.C-N.OH 

I 
CHj.CHj.CO.OH 



mjo- 



CO.CH, 

I +NHs.OH 

CHj.CHj.CO.OH 



Iso-nitroso bodies are decomposed in the same manner by 
the action of amyl nitrite : 

CHjCO.W^^'' + CsH „.0.N0 

C.Hj.CO.CO.CH, +CjH„.OH + N,0. 

The transformatioa of >NH into takes place sometimes 
by the action of water at ordinary temperatures, and also on 
beating with dilute acid. The imido-ethers (action of alcohols 
OB nitriles) are decomposed very easily: 



HC< 



NH 



Qg^^^+HiO-HCO.OCsH. + NH, 

Ethyl- inida-fonnaU. Ettayl {onnaU. 

The nitriles may be converted into esters of the acids through 
the means of imido-ethers. Benzoyl-formic ester is easily 
prepared by passing hydrochloric acid into a cold solution of 
benzoyl cyanide, C6H5.CO.CN, in alcohol. The liquid is allowed 
to stand for several days, and the ester is separated with water. 
The conversion of guamdine into urea by the action of boiling 
baryta-water is another example of the change of NH into 0. 

The transformation of N = N into H and OH is brought about 
by prolonged boiling with water of the est«rs of the diazo acida 

/•* 

«f the paraffin series. The ester of diazo-acetic acid, HC<f l\ 

COa.CjHs 
gives the ester of glycollic acid. 



OXIDATION. 45 

C. Conversion of the Sulphonic Add Group into the 

Hydrozyl Group.^ 

This reaction, which is often employed in the aromatic 
series, is brought about by the fusion of the sulphonic acids 
with caustic potash, followed by decomposition by an acid : 

C6H5.SO2.OK H-2K0H =CeH5.0K H-KaSOa H-H^O. 

The sulphonic acid is heated in a silver or nickel crucible by 
vai)or of naphthalene or anthracene with solid caustic potash 
to which is added a little water. The time of the fusion varies 
from several minutes to several hours, and the temperature 
varies from 160® to 300® C. The yield of the phenol increases 
with the temperature and the amount of alkali. With 6 mole- 
cules of KOH on CftH5.SO2.OK and heating for 1 hour, a yield 
of 94 per cent, of the theoretical may be obtained. The exact 
time of stopping the fusion cannot always be easily recognized. 
When the reaction is finished, the mass is broken up and dis- 
solved in water and acidulated; if nothing separates out, 
extract with ether. 

Instead of using the free sulphonic acid, the lead salt may 
be employed, which is often prepared in order to purify the 
acid. When an aromatic body is fused with potash in the 
presence of an oxidizing body, there may occur the oxidation 
of a hydrogen in the nucleus. In this manner the hydroxy- 
anthraquinones (alizarins) may be prepared. 

If there are two sulphonic acid groups in the same molecule, 
by using suitable precautions a single one may be substituted; 
if the reaction is very energetic, both will be attacked: 

r IT /(I) SO2.OH 
^^^XCS) SO2.OH' 

Bemene-diflulphonio acid. 

* This is equivalent to the replacement of H by OH through the medium 
of the sulphonic acid deriyatives. 
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at 170-180° C, is converted into 

p „ /(I) SO2.OH 
•^\(3) OH • 

Phenol-Bulphonic acid. 

Frequently fusions with potash lead 10 molecular trans- 
positions. With the acid 

C6H4<(^/J QjT (parsrphenol-sulphonic acid), 

resorcinol, Q^EU\ )J\ qjt; is obtained, which is a meta-product. 

This peculiarity may be explained by two successive reac- 
tions, oxidation and reduction (see above). 

The CH3 group is sometimes oxidized by fusion with potash : 

p„(l)CH3 .^ p„/(l)CO.OH 

^^(2)S02.0H g'^^ ^«^\(2)0H 

Ortho-tolueiie-sulphoiuo aeid. Ortho-oxybenioic acid. 

Soda may be used instead of potash ; but, as its action is not 
so energetic, it is necessary to prolong the time of fusion at a 
higher temperature. 



D. Displacement of Stdphur by Oxygen. 

This substitution (exchange of two valences of the carbon 
atom) is readily effected by the oxides or salts of the heavy metals 
(PbO, HgO, AgNOa, ammoniacal solution of a silver salt, etc.), 
and sometimes also by alkalies. Thus, thiophenyl-urea gives 
phenyl-urea, 



<!3 



H2 ^ po^/NH2 , 

NH.CeHfi ^^XNH.CeHfi' 



by boiling the aqueous or alcohoUc solution with PbO, or freshly 
precipitated HgO. 

With silver nitrate, the reaction is not always complete, 
intermediate compounds being formed. With allyl-thio-urea, 
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for instance, there is first formed CS<^ nH^C H -^^^3' which^ 
on moderately heating with AgNOa, is decomposed into 
^^^^^HCsHfi +Ag2S+2HN03; this being kept neutral by 

adding baryta-water from time to time. 

The dithionic acids, like C6H5.CS.SH, lose S on boiling with 
an alcoholic solution of potash. 

Oxidations which take place with the fixation of water will 
be taken up under Chapter V. 



CHAPTER II. 

REDUCTION. 
I. GENERAL CONSIDERATIONS. 

Reduction is the opposite of oxidation. It may occur in 
eeveral different forms: 

(1) Reduction of hydroxyl oxygen, as, 

CoHs-OH + H2 = CeHs-H + H2O. 

Phenol. Beniene. 

(2) Reduction of ketonic oxygen to hydroxyl: 

CH3.CH : H- H2 = CH3.CH2.OH. 

Aldehyde. AlcohoL 

(3) Reduction of unsaturated groups: 

CH2 CH3 

II +H2=| 

CH2 CH3 

Ethylene. Ethane. 

CH3.C : N + 2H2 = CH8.CH2.NH3. 

liethjd csranide. Ethylamine. 

(4) Reduction of halogen compounds: 

CH2(C1) .CO.OH + H2 = CH3.CO.OH + Ha 

Chlor-aoetic acid. Acetic add. 

(5) Reduction of nitro derivatives: 

CeH 5.NO2 + 3H2 = C6H5.NH2 + 2H2O. 

Nitrobeniene. Aniline 

CeHfi-N. CbHjNH 

I >0+2H2- I +HaO. 

CeHs-N/ CbHsNH 

Aiozyoeniene. Hydraaobenjane. 
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(6) Reduction attended by a decomposition of the molecule: 
thus, the phenylhydrazme comj)ound of acetaldehyde, when 
reduced with sodium amalgam, gives rise to two separate amines, 
aniline and ethylamine : 

CH3.CH = N.NH.C6H5 -f 2H2 = C6H5NH2 + CH3.CH2.NH2. 

n. ACTION OF REDUCING AGENTS. 

Though the most logical reagent for reduction purposes 
would be hydrogen in its nascent condition, yet it does not 
appear to have met with success as a reducmg agent for organic 
compoimds. Attempts have been made, however, to employ 
electrolytically prepared nascent hydrogen, but the results have 
not been gratifying. By using this means, Haussermann,^ in act- 
ing on nitrobenzene dissolved in alcoholic caustic soda, obtained 
hydrazo-benzene and benzidine sulphate; aniline was only pro- 
duced when a cathode of zinc, instead of platinum, was used. 

The majority of reactions involving the reduction of organic 
comi)o\mds take place indirectly through the use of various 
reducing agents, of which the following are the most important : 

Hydriodic acid is probably the strongest reducing agent 
employed in connection with organic compounds. Its action 
depends on the readiness with which it decomposes into free 
iodine and hydrogen; it may be employed dissolved either in 
water or in acetic acid. According to Berthelot, who was the 
first to recognize its reducing action on organic substances, 
hydriodic acid is capable of reducing every organic comj)ound 
to the limit hydrocarbon containing the same number of carbon 
atoms. He recommended heating the substance to be reduced 
with a large excess of hydriodic acid in a sealed tube for several 
hours at a temperature of 275° C. The action of hydriodic acid 
may be considerably accelerated by the addition of phosphorus,^ 

1 Chem. Zeii,, 1893, p. 129. 

' The increased efficiency of the hydriodic acid due to the addition of phos- 
phorus may be accounted for by the fact that the phosphorus combines with 
the free iodine liberated in the reduction to form phosphorus iodide; and the 
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which also has the advantage of preventing the formation of 
undesirable by-products. It is probable that, in the reaction 
between phosphorus and hydriodic acid, phosphonium iodide is 
formed as an intcrmetiiate step in the reduction. By the use 
of phosphorus and hydriodic acid, it is possible to carry out & 
large number of reductions without the necessity of heating in 
a sealed tube, simply boiling the compound to be reduced with 
strong hydriodic acid in a flask connected with an inverted 
condenser and adding fragments of phosphorus from time tft 
time.' For some reductions yellow phosphorus is required, 
while, for others, red phosphorus may be used. In cases where 
very energetic reduction is necessary, however, recourse must 
be hail to the method of heating the mixture in a sealed tube 
to a high temperature, and with a large excess of hydriodic 
acid.2 

Sodium and sodium amalgam are largely employed as 
reducing agents, as they are very efficient and may be applied 
conveniently. Sodium is mostly used in connection with an 
alcoholic solution of the substance to be reduced, though, at 
times, either water or ether may be employeii as the solvent. 
There appears to be a considerable difference in the action of 
sodium as a reducing agent, tiepending on the nature of the 
alcohol employed as the solvent; when amyl alcohol, for in- 
stance, is used as the medium, the reducing power of the sodium 
appears to be greater than with ethyl or methyl alcohols. 
Sodium amalgatn is less energetic in its action than sodium. An 

latter in tbe presence of water (sUo generally present as a by-product in the reduo- 
tjon) further reacts lo give hydriodic and phaaphorouH acids. So, in reality, by 
the intervention of the phosphorus, the iodine is used over and over again to 
effect the reduction! while at the same time the phoaf^orus atso removes the 
water, the preaenca of whicli would soon Umit the reaction, or cause the fonna- 
tion of secondary products: 

PI,+ 3H,0-3HI+H^, 

' In this manner iodoform, CHIp may be teduoed lo methylene iodide, CH^ 
(MB Baeyer. Btnchlt, vol v, p. 1095). 

* By employing this method of reduction. antiuaceDe, C^H,^ may be reduced 
^ to the hydrocarbon C'„H„. [See Lucu, BeridUt, vol ui, p. 2510). 
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amalgam containing about 2 J per cent, of sodium is generally 
employed, as this is solid and may be readily pulverized. Sodium 
amalgam is most efficient when used in the presence of carbon 
dioxide, and it may be employed in alcoholic, ethereal, or 
acetic acid solutions. As sodium hydrate is formed in the 
course of the reaction with sodium amalgam, the eflSciency and 
speed of the reduction may be increased by neutralizing the 
alkali with acids. 

Metallic tin and stannous chloride are also employed exten- 
sively as reducing agents. Tin itself is principally used in 
connection with hydrochloric acid, and the metal is afterwards 
removed by precipitation with hydrogen sulphide. Stannous 
chloride is used in acid solution, and, as it is soluble in alcohol, 
it may be conveniently employed with this solvent; it may also 
be used with glacial acetic acid. Sometimes an alkaline solu- 
tion of tin (sodium stannite) is employed for reductions. This 
solution is best prepared by adding j)owdered stannous chloride 
to a strong solution of sodium hydrate until a precipitate begins 
to form. 

Zinc may be employed for the reduction of organic com- 
poimds in either acid or alkaline solutions, and ajt times even 
in neutral solution. Zinc dust when used at high temperatures 
is a powerful reducing agent; even when boiled with water, 
2inc dust is capable of reducing many substances. 



in. SUBSTITUTION OF HYDROGEN FOR HYDROXYL OR 
OTHER ELEMENT, GROUP, OR RADICAL. 

A. Reduction of Hydrozyl and Ketonic Compounds. 

(i) Reduction of Acids. — In certain cases acids are converted 
into aldehydes by displacing the OH group with H. Benzoic 
and oxy-benzoic acids behave in this manner. The first, on 
treatment with sodium amalgam in the presence of water, 
gives benzaldehyde; but the second one is converted into the 
corresponding alcohol. The indirect method which would lead 
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to the same result consists in heating the salt of the acid with 
a format*, or in reducing the chlorides or anhydrides of the 
acids. In the latter case, by an energetic reduction, the corre- 
sponding alcohols may be obtained.' The reduction of succinyl 
chloride, however, with sodium amalgam and acetic acid, does 
not appear to give the corresponding aldehyde, but the lactone 
of ^--oxybutyric acid. Phthalyl chloride behaves in the same 
manner. Under the influence of more energetic agents, such 
as hydriodic acid, acitis are converted into hydrocarbons by 
conversion of the CO.OH group into CH3. Thus, stearic acid, 
CisHaoOz, gives a hydrocarbon, Ci^Has, and benzoic acid, 
CrHaOa, gives toluene, CjHb. 

According to Berthelot, reduction by means of hydriodic 
acid takes place in the following manner: The acid to be reduced 
is heated on an oil-bath t . 200-280° C.with 20 to 30, or even 
100 times its weight of hydriodic acid (sp. gr. = 1.8 to 21, 
The tubes are opened from time to time in order to allow of 
the escape of gas, which may be collected over mercury when 
it is desired to analyze it. On account of the great pressure 
which exists in the tubes, they must be opened in a very careful 
manner. The reduction of the fatty acids, and of products 
obtained by the action of phosphorus pentachloride on ketones, 
according to Kraft, takes place in the following manner: In 
each tube there is placed 2 to 4 grams of the acid, together 
with 2 to 4 times the quantity of hydriodic acid (sp. gr. = 1.7) ■ 
and J part of red phosphorus; the tubes are heated for 3 to 5 
hours at 210-240° C, after wiiieh they are opened. A small 
amount of phosphorus is addetl, ami the tubes are reheateil to 
210-240° C. These operations are repeated two or three 
times, and finally water is added to ilecompose the iodide of 
phosphorus which is foniied. The hydrocarbons are distiUed 
in steam, and then heated with a solution of caustic olkaU. 

But little is known concerning the reduction of acid amides 
and imides. Sodium amalgam with acetamide gives a small 



I See Znytu^ff, A Nop Mrthi/d /or 
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quantity of alcohol. The action of sodium in amyl alcohol oa 
phthalimidc reduces the two CO groups : 

CeH.<(Cg>NH . C.H.<(CH..NH, 

(2) Reduction of Aldehydes. — ^Aldehydes are converted inta 
alcohols by the action of sodium amalgam in an acidulated 
(H2SO4) aqueous solution; the alcohol so formed is separated 
by distillation, the distillate being further treated with i)otaS' 
sium carbonate. The higher aldehydes of the aliphatic series, 
which are difBcultly soluble in water, are reduced by the use 
of zinc dust in glacial acetic acid solution; in this case, however, 
the reaction results, not in the formation of the alcohol, but of 
the corresponding acetic ester, which must be saponified ia 
order to obtain the alcohol. 

Derivatives of chlor-substituted aldehydes, such as chloral^, 
are reduced to the corresponding alcohols by zinc ethyl; thus^ 
chloral gives tri-chlor-alcohol. In order to reduce aromatic 
aldehydes it is necessary to suspend them in water or dissolve 
them in dilute alcohol.^ For the reduction, an alcoholic solu- 
tion of potash may be used: 

2C6H5.CHO + KHO =C6H6.CHo.OH 4- CeHgCO.OK. 

The aromatic aldehydes are also converted into amines by 
the action of ammonium formate; for example, the conversioa 
of benzaldehyde, CeHs.CHO, into benzylamine, CeH5.CH2.NH2^ 
By the prolonged action at 130°-150® C. of a concentrated 
solution of hydriodic acid and red phosphorus, aldehydes are 
converted into hydrocarbons (substitution of CHO by CH3) : 

CeHfiCHO > CeHfiCHa.^ 

(3) Reduction of Ketones and Quinones. — ^The conversion 
of the CO group into CH.OH or C.OH, and the production of 

^ The aromatio aldehydes are liable to form oondenaation produotB. 
' For the action of halogen acids on methylene ozide» see Jowr. 8oc Phys^ 
Chim, Buase, yoL 19, p. 169. 
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alcohols and phenols by the aid of ketones and quinones, takes 
place by the action of sodium, or its amalgam in the presence 
of water, by boiling ^ith a solution of alcoholic potash in the 
presence of zinc powder, and even by the action of sulphurous 
acid. Quinone, C8H40a, is readily converted into hydroqui- 
none; so much so, in fact, that, in an alcohohc solution under 
the influence of sunlight, the quinone changes the alcohol into 
aldehyde. 

The ketone, dissolved in ether or ben7^ne, is placed in a 
flask with water; there is then added small shavings of metallic 
sodium, which niaint^ themselves between the two liquids. 
It is usually necessary to moderate the energy of the reaction 
by cooling. When the odor of tiie ketone has disappeared, the 
upper layer of liquid is removed, and the alcohol produced 
is isolated by crystallization or distillation. There are also 
formed condensation products. 

Tlie kptonic acids behave like the ketones; thus, pyruvic 
acid gives lactic acid with sodium amalgam in the presence of 
water: 

CH3.CO.CO.OH + H2=CH3.CH(OH).CO.OH. 

In order to avoid the decomposition of certain ketonic acids 
by the alkali, it is necessary to keep the temperature from 
rising too high, and to neutralize from time to time with an 
acid. In certain cases, by the reduction of ketonic acids, 
there are formed lactones in place of oxyaeids; and some- 
times the latter, wliich may be formed at first, are reduced 
in their turn. For instance, bcnzophenone-meta-carboxyhc 
acid, CoHs.CO.CfiHi.CO.OH, with sodium amalgam, is con- 
verted into benzo-hydroxy-nieta-carboxylic acid : 

C8H6.CH(OH).C6H4.COOH, and CoHs.CHj.CeH^.CO.OH. 

The conversion of the CO group into CHj, and the formation 
of hydrocarbons with the aid of ketones, is brought about hy 
the action of hydriodic acid under the same conditions as for 



REDUCTION, 55 

aldehydes, or by distillation with zinc dust. Thus, benzophc- 
none, (C6H5)2C0, gives diphenylmethane, (C6H5)2.CH2.^ 

(4) Reduction of Alcohols.— ^The reduction of alcohols (con- 
version of OH into H) usually takes place in an indirect 
manner. The reduction of phenols (such as the conversion of 
phenol, CeHfiOH, or of pyrogallol, C6H3(OH)3, into CeHe) is 
brought about by distillation with zinc dust or with phosphorus 
pentasulphide. Oxypyridine and quinoline are also reduced 

with zinc dust. Cuminic alcohol, C6H4^ SJ. nu qu t ^^ dis- 

tiUation with zinc dust, gives cymene, C6H4/JJ j CH2.CH2.CH3. 

Certain reductions of aromatic alcohols are accompanied by 
an oxidation : benzyl alcohol, with alcoholic potash, gives toluene 
and benzoic acid. The simple ethers of aromatic alcohols are 
separated by heat into aldehydes and hydrocarbons; benzyl 
ether gives benzaldehyde and toluene : 

CftHg.CHy— X CeHs.CHa 



r :TT'^ 5 



iCeHfi.CH.jy r " CeHe-CHO. 

Hydriodic acid and red phosphorus, on heating, furnish a 
good means of reduction for alcohols of the paraffin series, as 
well as those of the aromatic series having the OH in a side 
chain, and also oxyacids. Aromatic lactones or phthaleins 
are also reduced with zinc powder in alkaline solution, and 
yield phthalines. Ethylene oxide* is readily converted into 
alcohol with sodium amalgam : 

CH2V CI12.OH. 

I >0+H2- I 
CH2/ CHa 

This reaction may be considered as a reduction followed by 
a fixation of water. The reverse reaction — reduction with 

^ The keto-phenone, CfifiO'CH^ treated with hydriodio acid, does not give 
«thyl-benzeiie» CJififi^ but oondensation produots. 
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elimination of water— is effected by boiling polyatomic alcohols 
with formic acid. There is at first formed a monoformin, 
which is decomposed with liberation of water and carbon 
dioxide; it is in this manner that allyl alcohol ia prepared from 
glycerin. 

Ketonic aldehydes, with zinc dust in acetic acid solution, 
suffer reduction of their hydroxyl group, but in alkaline solu- 
tion the CO group is reduced. For example, benzoin, in the 
first case, is transformed into desoxybenzoin,' and, in the second 
case, into hydroxybenzoin: 



CO.CfiHs 
I 
HO.CH.CeHs 



CO.CeHs 
CHj.CflHs 



HO.CH.CeHe 

I 
HO.CH.CflHS 



B. Substitution of Other Groups by Hydrogen. 

( i) Substitution of the Halogens.— This substitution is brought 
about by the action of a large number of reducing agents : eodium 
anialgam in the presence of water, metals in the presence of 
acids, zinc dust with alkali, hydriodic acid alone or in the 
presence of red phosphorus. The last reagent is very ener- 
getic. Thus, C8H|7.C(C12).CH3, heated in a sealed tube with 
tliis mixture, is completely converted into decane, doHaj. Ia 
order to substitute iodine with hydrogen, the zinc-copper 
couple may be used with advantage. This is, in fact, the best 
means of preparing methane: into a vessel furnished with a 
Bne-copper couple there is led an alcoholic solution of methyl 
iodide. The flask is then closed with a cork furnished with an 
escape-tube, and heated gently on a wator-bath. The gas is 
pven off, and, by properly regulating the temperature, a slow 

' Desoxybonioin (pUenyl-bemyl- ketone), witli roducing ngiinU, (umiahea 
partly tbe coricaponding pinocone and partly the secondary alcohal, whiob, uoder 
the inSueooe of acetiu iicid, loses ft molecule of water sail giTcs the hydrocarbon: 



C^. C OH 

2 I 



C,H,-CH-OH C.H,CH 

I + II . 

C,H,-CH, C,R,-CH 

AlcohoL Stilbata. 
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and regular current may be obtained containing only a small 
quantity of the vapors of alcohol and methyl iodide. Two 
c.c. of CH3I give 700 c.c. of CH4. The reaction may be ex- 
pressed as follows: 

CH3l + Zn+H20=Zn/Jjj+CH4. 

In order to replace halogens in an aromatic nucleus^ it 19 
necessary to use sodium amalgam in the presence of water, or 
hydriodic acid with phosphorus in sealed tubes. Metals with 
acids react but seldom and very slowly; while, on the contrary, 
the halogens in side-chains are displaced very easily. Chlorine 
in the pjrridine nucleus is removed by tin and hydrochloric 
acid: 

C5H3N(a).C0.0H ^ C6H4N.CO.OH. 

Chlor-niootinio aoid. ' Nicotinie moid. 

Also, in the chlorides of organic acids, the halogen is eajsily^ 
replaced. The chlorides of the sulphonic acids behave in & 
similar manner: thus, R.SO2CI is converted into R.S02H^ 
The reduction should take place in an alkaline solution; in 
acid solution the reduction goes still further, and a mercaptaa 
is formed, R.SH. Sometimes the reduction is accompanied by^ 
a decomposition of the molecule; chlor-sulphocymene, CioHj^ 
SO2.CI, with sodium amalgam, gives CioHg and SO2. 

It is easy to remove bromine when combined with oxygem 
in derivatives, as in phenol bromide, CeHj.OBr. Tribrom- 

phenol-bromide, C6H2<(^Qg , loses bromine on boiling with 

alcohol, giving tribrom-phenol, C6H2^qt| 

Several halogen atoms may be replaced successively in 
the combinations in which they occur. In compounds of the 
paraffin series, if the halogens occur with neighboring carbon 
atoms, instead of a simple replacement of the halogen, there is 
generally a rupture of the molecule, with the formation of 
imsaturated compounds. On partial reduction with hydriodic 
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acid, for instance, propylene chloride, CHa.CHCCll.CHaCI, gives 
isopropyl chloride, CH3.CHCI.CHa, and propylene bromide, 
CH3.CH(Br).CH2Br, gives isopropyl bromide, CH3.CHBr.CH3. 
The compound, CH3.CH(Cl).CH2l, treated with the theoretical 
quantity of hydriodic acid, is converted into isopropyl chloride, 
CH3.CH.(C1).CH3; with an excess, there is formed isopropyl 
iodide, CH3.CH(I),CH3. 

(2) Substitution of the Nitrile Radical (Clf).— {See page 02.) 
(3} Substitution of the Hitro Group (NOj).— (See page 65.) 
By the use of diazo compounds, see the substitution of 
-N:NRby H. 

(4) Substitution of the Nitroso Group (NO). — ^This is brought 
About by boiling nitroso-compounds with concentrated hydro- 
chloric acids. Thus, nitroso-dimethylaniline, (CH3)2N.NO, is 
converted into a salt of dimethylaniline. The same result is 
obtained by using a solution of alcoholic potash, or certain 
other reducing agents (see page 6.3). 

(5) Substitution of the Amido Group (NHj). — This reaction is 
rarely producetl directly. Ethytamine at 275° C, with hydriodic 
iuad, is decomposed according to the equation: 

C2H6.NH2 + 3HI=C2Hfl + NHJ+Is. 

For the use of the azo derivatives in effecting this reaction, 
oee the substitution of N :NR by H. 

(6) Substitution of the Diazo Group (-N:NR).— This 
reaction often takes place. Into an acid solution of the 
sulphate or nitrate of an amine a slow current of N2O3 h 
passetl (it is best to use theoretical quantities). The salt of t!ic 
diazo derivative which is formed (ihazo-benzene-sulphate, 
C6H5.N;N.0.S0j.0H, for example) is isolated by alcohol and 
ether, and then decomposed by boiling with aksohitc alcohol, 
According to the equation : 

C6Hs.N :N.O.SOj.OH +CH3.CHa.0H 

= C6He + Ni + H2S04 + CH3.CH0 
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The separation of the diazo-saJt may be dispensed with; 
the amido compound is dissolved in a mixture of concentrated 
sulphuric acid and alcohol; there is then added the theoretical 
quantity of a concentrated aqueous solution of sodium nitrite 
or an excess of ethyl or amyl nitrite. 

The diazo-chlorides are decomposed in the same manner 
by means of stannous chloride. If an excess of stannous 
chloride is added to a cold dilute solution of the diazo-chloride 
(1 mol. NaN02, 1 mol. amine, 2 mols. HCl), the following 
reaction will take place : 

CnHyN: N.a+SnCl2+H20=CnHy+i -hSnOCU+Ha-hJTa. 

In this reaction there are probably formed some hydrazines 
as secondary compounds. Hydrazines may also be used to 
replace N:N.R by H, for, by boiling them with copper sul- 
phate, they are decomposed with evolution of N2. Thus, 
phenylhydrazine, C6H5.NH.NH2, gives benzene, CeHe. In cer- 
tain cases, boiling the diazo body with alcohol causes the 
N:N.R to be replaced, instead of by H, by O.C2H6. For 
instance, while the ortho-diazo-benzoic acid sulphate, 



p „ /(I) CO.OH 
^<^\(2)N:N.HS04' 



gives only benzoic acid by this reaction, the para and mets 
isomers yield, besides benzoic acid, meta- and para-ethoxj- 
benzoic acids: 



p ^ /CO.OH 
Uii4<^OC2H5 • 



In place of the diazo-salts, the diazo-amido compounds 
(action of N2O3 on an alcoholic solution of an amido derivative) 
may be decomposed by alcohol. Thus: 

C6H5.N : N.NH.C6H5+CH3.CH2.OH 

= CeHe + CeH5.NH2 H- N2 + CH3 .CHO. 
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In this reaction half of the aiiiido compound is reformed, 
but this may be avoided by treating the substance with 
s mixture of alcohol and nitrous ether. The diazo-amido 
compound obtained is decomposed with alcohol, and the amido 
body which is reformed reacts again with the nitrous ether. 

(7) Substitution of the Sulphonic Acid Group (SO3H).— This 
IB observed in the case of ortho-amido-thioBulphonic acid of 
xlimethylaniline : 



S.SO3H 
C6H3^(2) NH2 

\(4) N{CH3)j 



/(I) 



Ha 



/(I) SH 
C6H3(-(2) NH2 

\(4) N(CH3)3 



By the reduction of tiiis body, a mercaptan is formed. 

(8) Substitution of Oxygen. — ^Tliis has already been studied 
in the reduction of aldehydes, ketones, nitroso derivatives, and 
oxyazo bodies. The reduction of the latter is identical with 
ihat of the azo derivatives. 

(9) Substitution of Sulphur. — This takes place by the action 
■of zinc (or of zinc dust) and hydrochloric acid, or with sodium 
amalgam. CaHj.CS.NHa is converted into C8Hfi.CHi..NH2. 

(10) The Removal of Oxygen.— This takes place very rarely; 
in general it is the replacing of OH by H, As an example of the 
removal of oxygen may be cited the conversion of the sulphinic 
acids, R.S02n, into mercaptans, R.SH, by zinc dust and dilute 
fiulphuric acid, or with tin and hydrochloric acid. The conver- 



CoHs.N, CsHs-N 

fiion of azoxy-benzene, | ^O, into azo-benzene, || , 

CbHs.n/ 
is not complete. 



CeHfi.N 



IV. FIXATION OF HYDROGEN. 



There ia a fixation of hydrogen during the reduction of 
iinsaturat«<l compounds, or, in general, in those bodies which 
have several elements united by more than one bond. We 
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have considered the reduction of aldehydes, not as one of addi- 
tion of H, but as the replacement of OH by H in the dihydrates : 

CHs.Ch/^^ + H2 = H2O + CH3.CH2.OH. 

Hydrocarbons, like ethylene and acetylene, give ethane when 
heated to 500° C. with hydrogen; at the ordinary temperature, 
they combine with hydrogen in the presence of platinum black. 
At 150® C. in sealed tubes, the phenyl derivatives of the unsatu- 
rated hydrocarbons fix hydrogen by means of concentrated 
hydriodic acid. Thus: ' 

C.CeHs CH.CqHs CH2.C6H5 

► 



C.CeHs CH.CeHs CH2C6H5 

Tolane. Diphenyl •ethylene. Dibeniyl. 

Hydriodic acid permits of the addition of hydrogen to ben- 
zene and its numerous derivatives, and there may thus be ob- 
tained, by a prolonged reduction, the derivatives of benzene hexa- 
hydride. It is more convenient to employ absolute ethyl or 
amyl alcohol and sodium. In this way may be prepared piper- 
idine, C5HiiN=C6H6N.H6, from pyridine. Hydrogen cannot 
be added to the imsaturated alcohols with hydriodic acid, 
because the iodides are formed; in this case the reducing agent 
should be sodium amalgam, or zinc with an acid : 

CH2 : CH.CH2OH + H2 = CH3.CH2.CH2.OH 

Allyl alcohol. Propyl alcohol. 

Iron and acetic acid appear to be the best for converting 
unsaturated aldehydes into the saturated. Under these condi- 
tions, the CHO group is often changed into CH2OH, and some- 
times more readily than C = C into CH - OH. Sodium amalgam 
in alkaline solution is the best for converting the unsaturated 
acids, like cinnamic acid, CeHsCH rCH.COOH, into saturated 
acids, like C6H5.CH2.CH2.COOH. Those which resist this 
action, like crotonic acid, CH3.CH :CH.COOH, are reduced with 
hydriodic acid and red phosphorus at 160° C. At 130° C. there 
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is a fixation of hydriodic acid; the iodo-derivative then reacts 
with hydriodic acid again with the splitting ofif of 2 atoms of 
iodine. 

Reduction causes nitriles to pass into amines: 

R.CN+2H2=R.CH2.NH2, 

with partial hydrolysis however; besides primary amines, 
there are also formed secondary and tertiary amines.^ This 
reduction is generally effected with zinc and dilute sulphuric 
or hydrochloric acid in aqueous, alcoholic, or ethereal solution. 
Sodium in absolute alcohol may also be used. In this case the 
aromatic nitriles give secondary products, as the reduction 
takes place partly according to the equation : 

R.CN+H2=RH+CNH, 

with the formation of a hydrocarbon and hydrocyanic acid, 
and as the amines and hydrocarbons formed also submit to a 
further fixation of hydrogen. 

The pyrazols, with sodium in absolute alcohol, give pyrazo- 
lines.and diamines: 

CH = CHv CH2.CH2>v CH2 — CH2.NH.C6H5 

I NnAHs -* I >N.C6H5 -* I 

CH=N / CH=N / CH2.NH2 

Pheayl-psmsol. Phenyl-pjn'asoUne. Phenyl-trimetliylene-diamiiie. 

The oximes are reduced in the same manner to amines, and 
the group >C=N.OH becomes >CH.NH2. In this manner 
it is possible to realise the synthesis of aspartic acid by the 
reduction of the oxime obtained by the action of hydroxylamine 
on oxalo-acetic ester .^ 

The azo comjwunds,^ C6H5.N=N.C6H5, are readily con- 

* Sco Qaz, chim. lUd., toI. 0, p. 555. 
»/6«/., vol. 17, p. 519. 

' Acid reducing agents, like stannous chloride in the praence of sulphuric, 
add« convert the azo bodies into diamines. 



REDUCTION. 63 

verted into hydrazo bodies, CeHs.NH-NH.CeHs, by sodium 
amalgam in alcoholic solution, zinc i)owder, or ammonium 
sulphide. To use the latter, the compound is dissolved in 
alcohol, saturated with ammonia, then treated with a current of 
hydrogen sulphide. The sulphur is separated by filtration; 
and on the addition of water, the hydrazo body is precipitated. 
The azo bodies may also be reduced with ferrous sulphate in 
alkaline solution. It is sufficient to add the ferrous sulphate 
to an alkaline solution of the com{)ound until the precipitation of 
ferric hydrate ceases. Acid reducing agents, such as stannous 
chloride in the presence of sulphuric acid, convert azo bodies 
into diamines. The diazo compounds are converted into 
hydrazines by reducing agents like SnCl2 in HCl : 

CftHfi-N :N.C1 +2H2=C«H5.NH.NH2 

DiaBo-beniene chloride. Phenyl-bydraiine. 

The hydrazines are decomposed by the fixation of hydrogen.^ 

V. REDUCTION OF NITRO AND NITRO COMPOUNDS. 

Nitroso derivatives are converted into amines when the 
oxygen of the NO group is replaced by H2. This reduction 
is generally brought about by zinc and acetic acid, or with tin 
and hydrochloric acid. 

The reduction of nitrosamines furnishes a method for the 
preparation of secondary hydrazines : 

CH3 \l^ ^Q CH3 \^ T^TT 

Nitroso^imethyl- Methyl-phenyl- 



phenyl-amine. 



inyi-pnenj 
ydrasine. 



In certain cases the reaction may proceed in another manner; 
thus, with the preceding body, it may be : 

cjH^NN.NO+3H2=c^^^NH+NH3-fH20. 

^ The hydrazines are bodies derived theoretically from diamidogene, H^N-NH^ 
by substitution of paraffin or aromatic radicals (or alcoholic, phenolic, or acidio 
radicals), for one or several atoms of hydrogen. There are primary, seooodacy,. 
tertiary, and quaternary hydrazines. 



11 
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The reduction of nitrpso-anilides proceeds exclusively in this 
manner, with the evolution of ammonia and the formation of 
anilides: 



CeH 
CH 



^^Nn no ^ ^^*\nh 



When isonitroso bodies are reduced, there is a complication 
of the molecule. For the reduction of oximes, see p. 62. 

It is well known that reduction converts NO2 into NH^; 
the process of Zinin for obtaining aromatic-amido compounds 
depends on this reaction. In the paraffin series the reduction 
of NO2 (llitro-ethane, for example) to NH2 is probably not at 
all analogous to that which takes place in the aromatic series.^ 
The agents mostly employed for the reduction of nitro com- 
pounds are tin and hydrochloric acid, and a solution of stannous 
chloride in hydrochloric acid. The advantage of these bodies 
is the ease of separating the tin by sulphuretted hydrogen; in 
the solution there remains only the chloride of the amido com- 
pounds. The amines with a basic character are precipitated 
from their acid solutions with ammonia; amido-phenols, by 
sodium carbonate; amido-carboxylic acids, by sodium acetate. 
The reduction sometimes proceeds in an abnormal manner; 

L\ jTQ^' ^^^ ^^^ ^^^ hydro- 

/(l) CH3 
chloric acid, gives para-chlor-ortho-toluidine, C6H3^(2) NH2; 

\(4) CI 

o:-brom-/9-nitro-naphthalene, CioH6<y jtq , with the same reduc- 
ing agent gives ^-naphthylamine, C10H7.NH2. In such cases, 
the tin is replaced by iron or zinc dust and acetic acid; 

/Br 
there will then be obtained brom-naphthylamine, CioH6<' t^tt , 

<Br 
NO ' 

> BmU. 8oe. Chim., toL 46, p. 26A. 
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By a very • energetic reduction NO2 may be replaced by H; 
thus, by using a large excess of iron and acetic acid, nitro- 
benzene, C6H5.NO2, gives benzene, CeHe, and ammonia; and 

trinitro-mesitylene, Ce/^f^OzV ^^^ * cumidine, ^^^\}^lt' 

When the compound contains several NO2 groups, it is 
easily possible to reduce one after another by means of sulphu- 
Tetted hydrogen, and in the order that is desired. For example : 

/(I) CH3 
<iinitro-toluene, CeH3^(2) NO2, with sulphuretted hydrogen 

\(4) NO2 

in alkaline solution, cold, gives only ortho-nitro-para^toluidine, 

/(1)CH3 
C6H3^(2) NO2; if heat is employed, its isomer is obtained, 
\(4) NH2 

/(I) CHs 
X36H3^(2) NH2 ; if tin and hydrochloric acid in alcoholic solu- 

\(4) NO2 
tion are used, the latter body only is obtained. 

Sometimes in reductions there occurs an evolution of CO2. 

/(I) COOH 
Thus, dinitrobenzoic acid, C6H3r-(2) NO2 , gives meta- 

\(4) NO2 

\A XTTT^. Brom-nitrobenzoic acid, 

AD COOH .^2) Br 

C6H3:;— (2) Br , gives meta-brom-aniline, C6H4<f )A t^tt . 
\(4)N02 \W^^2 

Hence it is necessary to take particular precautions in the reduc- 
tion of nitro-carboxyl acids. The favorite method is to dissolve 
them in aqueous ammonia or in baryta-water, and to add 
ferrous sulphate in a very concentrated solution. 

The reduction of nitro-nitriles is surrounded with difficulties. 
Sulphuretted hydrogen cannot be employed, as it is liable to 
form a compound with the nitrile ; other reducing agents cause . 
a saponification. The best method, in certain cases, is to treat 
the derivative with tin and glacial acetic acid saturated with 
hydrochloric acid. 
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Nitro derivatives are sometimes reduced in a complicated 
mamier. 

VI. REDUCTION WITH DECOMPOSITION OF THE 

MOLECULE. 

This reaction is to be observed in the energetic reduction 
of hydrazo compounds with tin and hydrochloric acid in & 
sealed tube. Hydrazo derivatives are reduced similarly when 
they are heated : 

/CeH5.NH\ C6H5.N C6H5.NH2 
2 I = 11 + 

VCeHfi-NH/ CeHfi-N CeHs.NHz. 

Hydraso-bemene. Aso-benaene. Aniline. 

The products of the condensation of aldehydes with hydra- 
zines are decomposed in the same manner. Ordinary aldehyde 
combined with phenyl-hydrazine gives a compound which, with 
sodium amalgam, is decomposed into aniline and ethylamine : 

CH3.CH : N.NH.C6H5 -f 2H2 == CeH5.NH2 + CH3.CH2.NH2. 

Hydrazines alone are decompxosed in a similar manner. By 
prolonged boiUng on a water bath with zinc dust and hydro- 
chloric acid, phenyl-hydrazine is decomposed into ammonia and 

aniline: 

CeHs-HN - NH2 + H2 = NH3 + C6H5.NH2. 

Reduction with evolution of ammonia also takes place 
by the action of ammonia on cyan-phenine, 

(C6H5.CN)3 + 2H2 - NH3 + CftHfi-CNHv 

II ^XJ.CeHs 
CeHfiC.N ^ 

Lophine. 

and by the reduction, with fixation of water (by sodium amal- 
gam), of the cinchomeronic acids (pyridine carboxylic acid): 

C7H6O4N + H2O + H2 = CyHeOfi + NH3. 



CHAPTER m. 
SUBSTITUTIONS. 

I. LAWS OF SXJBSTITUTIONS. 

Bt the action of chlorine on hydrocarbons of a normal 

chain, there are usually obtained two substitution products: 

/CI 
R.CH2.CH2.CI and R.CH<f ^^ , while with bromine there 

/Br 
is abnost exclusively obtained R.CH<r prr . Ethyl benzene 

behaves in the same manner on chlorination or bromination 

in sunlight; there is formed exclusively chlor-ethyl-benzene, 

/CI 
C6H5.CH<r pxT , or the corresponding bromine derivative. 

Secondary hydrocarbons are substituted by chlorine at 
the carbon atom containing the least number of hydrogen 
Atoms: 

(CH3)3.CH gives (CH3)C.C1. 

laobuUuia. Tertiary butyl chloride. 

On further action the chlorine attaches to the carbon atom 
^hich adjoins that one already linked to a halogen. In 
certain cases, however, this rule does not hold. 

1st. With ethylidene chloride, CH3.CH.CI2, besides tri- 
chlor-ethane, CH3.CCI3, there is produced at the same time 
chlor-ethylene chloride, CH2CI.CHCI2. 

2d. During the chlorination in sunlight of iso-propyl 
chloride, CH3.CHCI.CH3, there is formed, simultaneously with 
iso-propylidene chloride, CH3.CCI2.CH3, a certain quantity of 
propylene chloride, CH3.CHCI.CH2.CI. The latter is formed 
exclusively with iodine chloride, ICl (at 100° C.) ; by the 
continued action of iodine chloride, this is finally converted 

67 
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into trichlorhydrin of glycerol, CH2CI.CHCI.CH2.CI. This re- 
action is interesting, as it allows of the synthesis of glycerol. 

3d. Ethyl bromide, C2H6.Br, at 200° C, with bromine 
gives ethylidine bromide, CH3.CHBr2; but in the presence 
of aluminium bromide, Al2Br6, there is formed only the bromide 
of ethylene, CH2Br.CH2Br. Propyl and iso-propyl bromides* 
CH3.CH2.CH2Br, and CH3.CHBr.CH3, on brommation, both 
yield the same propylene bromide, CH3.CHBr.CH2Br. 

Fatty acids with halogens yield principally the a-deriva- 
tives. Propionic acid with bromine gives the a-brom and a-di- 
brom-propionic acids: 

CH3.CHBr.COOH and CH3.CBr2.COOH. 

The aromatic series afifords the most general laws.^ Ifr 
may be said that usually the introduction into a compound of 
substituei^s of the first group, 

CI, Br, I, OH, NH2, CnH2n+i, OR, NHR, NHCOR, 

will usually cause the second substituting group to go to the 
ortho and para positions, while substituents of the second 
group, 

NO2, SO3H, COOH, CHO, CO, CN, CH3.CO, etc., 

will usually form meta compounds with the second radical* 
Thus, chlor-benzene, CeHsCl, with nitric acid, gives a mixture 
of ortho- and pararchlor-nitrobenzenes: 



Ce<S2) NO2 -^ ^«K(1) 



(1) CI 
N02- 



With sulphuric acid, it gives pararchlor-benzene sulphonic acid^ 
C6H4<(' \1 «Q ^TT. Phenol with nitric acid gives ortho-nitro- 

phenol, C6H4<(^ Jg vtq , and para-nitro-phenol, C6H4<(^ \1 jtq . 
Nitro-benzene with nitric acid yields principally meta-dinitro- 



' See Armstrong, Jfmr. Chem. 80c., 1887. 
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benzene, C^S^^J. ^^^, with but a small amount of the 

ortho and para isomers. Occasionally two different group? 
have the same action on the substituant. Thus, para-nitro* 

toluene, C6H4<: )!( ^n » ^^ chlormation gives C6H3^(2) CI ; 

and meta-nitro-benzoic acid, C6H4<^ Lx ^q , on nitration 

AD CO2OH 
yields CeHa^CS) NO2 . Sometimes, however, the action is 

\(5) NO2 
different, and then isomers are formed. Thus, if brom-nitro- 

<(1) CH 
\A -o ^9 is treated with sulphuric acid, the 

CH3 group has the tendency to make the sulphonic acid group 
take the positions 2 or 6, while that of the bromine would 
make it take positions 3 or 5, and, as a result, two isomers are 
formed. It may happen that the influence of one group is 
stronger than that of another, as in the case of para-brom- 
aniline, where NH2 has more influence than Br, and hence 

AD NH2 
on nitration there is formed C6H3^(2) NO2. In the same 

\(4) Br 

way OH and NH.CO.CH3 have more influence j;han CH3. 

External conditions also have an influence on the for* 

mation of isomers. Thus, phenol in the cold, with sulphuric 

add, gives principally aseptol, C6H4<(' ^J) SO OH' ^^ ^^^ ^' 
trie acid it gives C6H4<^ / J ^q ; if heat is employed, however, 

in the first case, para-phenol-sulphonic acid, C6H4<^ ^.2 ^^ ^.tt' 

will be formed, and, in the second case, ortho-nitro-phenol, 
^ „ /(I) OH 
^^^\(2) N02- 

The action of halogens on the aromatic hydrocarbons 
will differ according to the temperature and the conditions 
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of light, and there will correspondingly be produced substitu- 
tions in the nucleus or in the side-chains. If chlorine is allowed 
to act on boiling toluene, or on its vapors, or even when cooled 
to zero but in direct sunlight, the side-chain will suffer substi- 
tution; the principal product, for example, being benzyl 
chloride, CaH5.CH2.Cl. At the ordinary temperature, or 
even with heat, but in the presence of a chlorine carrier, the 
substitution takes place in the nucleus, and chlor-toluene, 

CeHid' p, *, is formed. Bromine acts in the same manner. 

Id certain cases, external conditions only influence the 
rapidity of the reaction, but not its direction. Thus, dry 
chlorine on acetophenonc, CeHg.CO.CHa, whether cold or hot, 
in sunlight or in the dark, ^ves principally the compound 
CeHe.CO.CH.Cla. 

H. SDBSTITtlTION OF CERTAIN ELEMENTS OR GROUPS 
BY OTHERS. 
A. Preparation of Halogen Compounds. 
The exchange of hydrogen for a halogen frequently takes 
place by direct action at 15° C, or by heating (as when the 
vapors of a body, mixed with chlorine or bromine, are allowed 
to pass through animal charcoal heated to 250-400° C). The 
presence of certain bodies greatly faciUtates the formation of 
substituted halogen compounds. Iodine, or the chlorine and 
bromine compounds of molybtlenum, iron, aJuminium, and 
antimony, aid considerably in bromination or chlorination. 
Ferric chloride is also an agent for bromination or ioclination, 
but it does not remain unaltered as in chlorination, or as is 
the case with most agents serving as halogennjarriers. Sul- 
phuric acid also acts as a carrier of iodine. The bromination 
of nitro-benzene in the presence of ferric chloride may be 
expressed by the equation: 

eCsHsNOa +6Br2 + Fe^ae = 6C6H«<^p= + FeaBrs + 6HC1. 
An analogous reaction occurs in that of iodine on benzene 



I 

A 
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in the presence of ferric chloride, but the quantity of iodo- 
benzene produced is very small. The ferric chloride should 
be absolutely dry, else the reaction will take place in another 

heated with bromine and moist ferric chloride, it is converted 

into para-nitro-benzyl-chloride, C6H4<^ \A ^^ . 

In certain cases, to chlorinate a body it is heated in a sealed 
tube with iodine trichloride, antimony pentachloride, phos- 
phorus pentachloride, or calcium hypochlorite. There may also 
be employed, as a source of chlorine, a mixture of hydrochloric 
acid and manganese dioxide, or potassium bichromate with 
potassium chlorate. 

<("[) CH 
(4) CR' ^*^ phosphorus penta- 
chloride at 190-195® C, according to the quantity chlorinated, 
^k • r A nxj /(I) CH2CI ^ Tj /(I) CHCI2 

there is formed C6H4<r )^x CH CI ^^ even C6H4<r ^^( CHCl 

Iodine trichloride though acting as a chlorine carrier, in 
certain cases also gives iodine substitution products. For 

example, Co/^g^ with ICI3 gives Co/^^^J. 

The addition of water favors bromination. The presence of 
red phosphorus allows of the preparation of bromine com- 
pounds without heating in a sealed tube. The hydrobromic 
acid which is Uberated during bromination may cause secondary 
reactions, — for example, reduction of the NO2 group. Thus, by 
the action of bromine on nitro-benzene in the presence of bro- 

<Br 
NO • 

and simultaneously there is also formed tribrom-aniline, 

CJS.^ xtt| , and tetrabrom-aniline, C6H<^ ^^ . 

Nitro compounds, when brominated or chlorinated, often 
exchange their NO2 group for a Br or CI. Thus, with the 
nitro-benzoic acids, there is formed brom-benzoic acid and 
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brom-benzene (resulting from the elimination of CO2). The 
sulphonic acids behave somewhat in the same manner; with 
bromine they give brominated compounds and at the same 
time exchange SO2.OH for Br: 

R5O2OH + Br2 + H2O = R.Br + H2SO4 + HBr. 

The formation of halogen acids, during the action of halo- 
gens, has a bad influence on the reaction, especially when 
under the influence of iodine. It is necessary in this case to 
eliminate the hydriodic acid which is formed; this may be 
done by adding with the iodine some mercury oxide, HgO, 
or iodic acid, HIO3. The reaction may then be expressed as 
follows : 

2C6H5.OH + 2I2 + HgO « 2C6H4<^jj + Hgia + H2O. 

5CH3.CHO -f 2I2 + HIO3 - 5CH2<J jjQ + 3H2O. 

Phenols and the aromatic oxy-acids react readily with iodine 
and iodic acid. With hydrocarbons and carboxylic acids, 
it is necessary to heat them with the same reagents in sealed 
tubes to 200-240° C. Iodine and mercuric oxide may also 
be made to react in alcoholic solution or in glacial acetic acid. 
Solvents serving for chlorination are chloroform and carbon 
disulphide, never alcohol or ether; for bromination, besides 
the preceding, there may also be used glacial acetic acid or 
petroleum ether. Salicylic acid is converted into iodo-saJicylic 
acid when heated with an alcoholic solution of iodine. It 
is probable that the hydriodic acid formed is decomposed by 
the alcohol; for otherwise it would reduce, even below 100° C.^ 
the iodo-saUcylic acid to salicylic acid again. 

lodination is readily performed by means of iodine chloride, 

la. Thus, CeHfi.CHa+ICl^HCl-fCftHi/j^^ Some acids 
may be brominated or iodinated by the action of bromine or 
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iodine on their silver salts: 

C6H5CO.OAg+l2=C6H4/JJj J^^^+Agl. 

Certain acids, however, behave differently. The salt of phthalic 
acid is decomposed with the formation of the anhydride : 

The halogen sometimes reacts so energetically that it i£r 

difficult to obtain monohalogen substituted products, — for 

example, the chlorination of aromatic amines (see page 74 

for the aliphatic amines). Aniline, C6H5.NH2, with chlorine, 

/CI 
immediately gives trichlor-aniline, C6H2<f xr^^ . To prepare 

/CI 
chlor-aniline, C6H4<r ^tt , it is necessary to first transform the 

aniline into an anilide, then chlorinate, and finally saponify. 

The alcohols of the paraffin series, by reason of the oxi- 
dation which accompanies chlorination, give chlor-aldehydes. 
By the action of chlorine on ethyl alcohol, it may be supposed 
that there is formed a chlor-ethyl alcohol, which is decom- 
posed into aldehyde and hydrochloric acid: 

CH3.CH2.OH ► CHa.CH/^g > CH3.CHO. 

The chlorine substitution products of the alcohols are only 
formed from polyatomic alcohols or chlor-aldehydes. 

In certain rare cases, the hydrogen not linked to carbon 
may be replaced by a halogen. Phenol, or its tribrom- or 
trichlor-derivatives, with an excess of bromine water, has its 
phenolic hydrogen replaced by bromine : ^ 



* This characteristic reaction of the phenol is based on the formation of the 
tribrom -phenol bromide, and not on the formation of tribrom-phenoL The tri- 
brom-phenol bromide, CgH,Br,.OBr, is not attacked by boiling alkalies; its solu- 
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C6H2<^gg + Br2 = C6H2<^gg^ + HBr. 

The aromatic sulphonic acids, with bromine, yield compounds 
in which the acid hydrogen is replaced by bromine : 

C6H5.SO2OH -5^-> C6H5.S02.0Br+HBr. 

In acid amides, the halogen replaces the hydrogen, attached 
to the nitrogen, by action in alkaline solution. Thus, with 
acetamide, CH3.CO.NH2, there is formed acetbromamide, 
CH3.CO.NHBr; these compounds are difficult to isolate on 
account of their ready decomposition. The paraffin amines, 
with halogens, exchange a hydrogen in the NH2 group. Thus, 
by passing chlorine into an aqueous or alkaline solution of 
ethylamine here is formed ethylamine dichloride, C2H5.NCI2. 



B. Exchange of Halogens for One Another. 

The action of chlorine on brom- and iodo-compounds does 
not cause a displacement of hydrogen, but an exchange of bro- 
mine or iodine for chlorine ; so, in order to have chlor-brom- or 
chlor-iodo-comj)ounds, it is necessary to first introduce chlorine.^ 

The substitution of bromine by chlorine is effected by 
the aid of the pentachlorides of antimony and phosphorus. 
Thus: 

2C2H6Br + SbClfi = 2C2H6CI + Br2 + SbCls. 

Ethylene bromide, according to the quantity of pentachloride 

lion in benzene is decomposed by caustic potash, giving QeH^r,.OH. With 
potassium iodide it reacts according to the following equation: 

C,iyBr,.0Br4- 2KI« CfifiT^.OK+ 1,. 

1 This reaction, however, may be used for obtaining chlorine substitution 
products: instead of allowing chlorine to act directly on the body, the liquid 
iodine derivatives are used, kept under water, and heated with chlorine water 
until liberation of iodine has ceased. In the aromatio series, only iodo- 

aniline, CgH^^Lj j ^ imdergoes this reaction. 
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of antimony used, is converted into ethylene chlor-bromide, 

CH2*CI CH2.CI 

I or ethylene chloride, | ; while with methyl or ethyl- 

CHjBr CHz.a 

dibromides, CH2Br2 and CH3.CH.Br2, the two bromine atoms 
are replaced at once. Bromine can also be replaced by heat- 
ing the compoimd gently with mercm-ic chloride, HgCU : 

2CH3.CHBr.CH2Br + HgClg = 2CH3 .CHCl.CH2Br -h HgBr2. 

Iodine is still more readily replaced by chlorine^ not only 
by the direct action of the latter, but also by the double decom- 
position of an iodine compound with certain metallic chlorides, 
like mercuric chloride, HgCl2, the mixture being heated in 
the presence of water or ether. Iodoform, under these con- 
ditions, only has two iodine atoms replaced, giving CHICI2. 

The substitution of chlorine by bromine takes place by 
the direct action of bromine only in the case of acid chlorides 
(which then behave like chloric acid, in which the chlorine is 
replaced by bromine), and in some other cases by double 
decomposition. Thus, chlor-acetic acid, CH2CI.COOH, heated 
to 150® C. in a sealed tube with hydrobromic acid or potassium 
bromide, is converted into brom-acetic acid, CH2.Br.COOH. 
The acid chlorides, on the contrary, imder these conditions 
do not react: for instance, acetyl chloride, CH3.CO.CI, heated 
for several hours at 100° C. with potassium bromide, is not 
changed. Aluminium bromide readily attacks alkyl chlorides; 
by its action, carbon tetrachloride, CCI4, is converted into the 
tetrabromide, CBr4.* 

Iodine replaces chlorine when compoimds of the latter 
(except in the aromatic series) are treated with hydriodic acid 
or metallic iodides CeHs.Q when heated with H for fifteen 
hours at 235'' C, gives CeHe + HQ-hl.) The reaction takes 
place in the cold without an excess of acid. For imsaturated 

* For the preparation of the halides of aluminium and their application to 
halogen substitution products, see Gustavsonn, Action of the Halogen Salts of 
Aluminium on Organic Compounds, Moscow, 1883 (in Russiin). 
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compounds, or those containing OH (which can fix HI or 
exchange OH), potassium iodide may be used, under 100® C. 
in alcoholic solution. Calcium iodide, Cal2, may also be used 
(see replacement of bromine by iodine). 

The best method of converting the higher chlorine deriva- 
tives into iodine compoimds is to use aluminium iodide dis- 
solved in carbon disulphide. Ethylidine chloride, CH3.CHCI2, 
becomes ethylidine iodide, CH3.CHI2. The trichlorhydrin of 
glycerol with aluminium iodide gives allyl iodide, 
CH2=CH.CH2l, together with aluminium chloride and iodine. 

Iodine is replaced by bromine by the direct action of the 
latter, or by boiling with bromine water, or by double decom- 
Ix)sition in a sealed tube with metallic bromides, such as those 
of mercury, copper, or silver. For example: 

2CH3.CHI.CH3 + HgBra =2CH3.CHBr.CH3 -h Hglj. 

In the higher substitution products, iodine may be replaced 
in part or completely. Thus: 

2CHI3 +Br2 =2CHl2Br +I2. 

Sometimes, by the action of the hydriodic acid, there is 
formed an imsaturated compound which combines with the 
bromine. For this reason, by the action of bromine on sec- 
ondary butyl iodide, CH3.CH2.CHI.CH3, there is formed 
CH3.CHBr.CHBr.CH3. Iodine occurring in the aromatic 
nucleus, in general, is not replaceable by bromine; but the 
latter acting on iodo-aniline gives tribrom-aniline : 



^^\NH2 ' ^^^K 



Bra 
NH2' 



Bromine and chlorine are replaced by iodine by double 
decomposition with the iodides of potassium or calcium. The 
bromine compoimds are heated with calcium iodide (dried 
with exclusion of air) in sealed tubes, generally below 100® C. 
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In this manner, propyl bromide, CH3.CHBr.CH3, is converted 
into the iodide, CH3.CHI.CH3. On account of the insta- 
bility of di-iodo compomids in which the iodine occurs attached 
to adjoining carbon atoms, these bodies, at the moment of 
their formation, are decomposed into misatm-ated derivatives 
and iodine is set free. 

The substitution of chlorine and iodine by fluorine takes 
place by double decomposition of chlorine compoimds with 
arsenic fluoride, or, in the case of iodine compounds, with silver 
fluoride, 

CzHfil+AgF^CzHfiF-f-Agl. 

C. The Substitution of Other Groups by Halogens. 

The replacement of NH2 by a halogen is accomplished through 
the diazo compounds by the conversion of the NH2 into N :N.R, 
and subsequently replacing this group with a halogen.^ The 
halogen derivatives of the diazo bodies, such as diazo-benzene 
chloride, CcHs.NiN.Cl, are directly decomposed on heating, 
giving, in the case quoted, chlor-benzene, CeHsCl and N2. 
The halogen substitution products of benzene and its deriva- 
tives are also obtained by heating a diazo salt (sulphate or 
nitrate) with concentrated halogen acids (instead of the aqueous 
solution of hydrochloric acid, its acetic acid solution may be 
used); 

CeHsN : N.NO3 -h HI = CeHfil -h N2 -h HNO3. 

The best means of preparing the chlorine substitution deriv- 
atives is to prepare the chlor-platinate of the diazo body; 
the precipitate is difficultly soluble in alcohol, and is collected, 
dried, and heated with ten times its weight of a mixture of 
dry soda and groimd glass: 

i The diazo deriyatiYes of the aliphatic series, treated with halogens or halogen 
adds, have the N—N group directly replaced by a molecule of halogen or halogen 
add. 
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The chlor-platinates may be replaced by the double salts 
of the diazo-chlorides with the cuprous salts of chlorine or 
bromine, CU2CI2 and CuiBra. 

To the cold solution of the amine in dilute hydrochloric 
acid, there is added, little by little, the theoretical quantity 
of sodium nitrite, and then a solution of hydrochloric acid 
heated with cuprous chloride is gradually added. The double 
compound which is formed is generally decomposed with dis- 
engagement of nitrogen, producing the chloride and cuprous 
chloride, which readily separates out, owing to its insolubility. 

Halogen substitution products can also be obtained by 
the action of halogen acids on diazo-amido compounds. This 
is the best means of preparing iodine and fluorine compounds. 
Thus, benzene fluoride, CaHsF, is prepared by the action of 
hydrofluoric acid on CeHgN rN.NCsHio. The latter body 
is produced by the action of diazobenzene cliloride on piperi- 
dine. For preparing bromine compounds there may be utihzed 
the decomposition of the perbromides, which are formed by the 
action of bromine in hydrobromic acid solution on an aqueous 
solution of the diazo sulphate. The compound is washed 
with alcohol and dried. On heating, alone or with glacial acetic 
acid, it is decomposed according to the equation: 

CoHsN : N.Br.Bra = CflHsBr + Nj + Bra- 

The substitution of the -IT = IT- group by halogens or 
halogen acids takes place by the action of these on the diaso 
compounds of the aliphatic series. Thus, diazo-ace tic-ester 
gives ch-iodo-acetic-ester with iodine in alcoholic solution and 
at the ordinary temperature;' by the action of hydrochloria 
acid it gives chlor-acetic ester. 

CHN2.CO.OR + 12 = CHIz.CO.OR + Na, 
CHN2.C0.0R + HC1=CH2C1.C0.0R+Na. 



' Titralioii with iwlinc U used in lb« qu&ntjtaUva duterminutioD of the diaio 
oompounda of (be aliphatic aericA. 
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Substitution of OH by a halogen. — The alcoholic OH 
group is replaced by halogens on treatment with a concen- 
trated halogen acid, or with a mixture which liberates such 
acids (NaCl and H2SO4; KBr and H2SO4). 

With hydrochloric acid the action is quite slow, and heat 
is generally required to bring about the reaction, either in a 
sealed tube or in the presence of dehydrating agents. Hydro- 
bromic acid reacts more easily, and hydriodic acid still more 
so, and in the latter case it is not always necessary to use heat. 
Instead of acids, bromine or iodine may also be allowed to act 
on the alcohols in the presence of phosphorus. 

It must not be forgotten that an' excess of acid may act 
as a reducing agent.^ In certain cases this reaction takes 
place more easily than that of replacing OH by I. Thus, 
iod-acetic acid, CH2I.CO.OH, reacts in the cold, even with 
sufficiently diluted hydriodic acid; while glycollic acid, 
CH2(0H).C0.0H, only reacts when heated with concen- 
trated acid. This is why iod-acetic acid is not formed by the 
action of hydriodic acid on glycollic acid. Lactic acid behaves 
in the same manner, which distinguishes it from the iosmeric 

<CH OH 
ro OH ' ^^^^ readily forms an iodide. 

(Compounds rich in hydroxyl, with hydriodic acid, readily 
exchange one or more of their OH groups for H, by reason 
of the reaction of the acid with the iodo product: thus, with 
glyceric acid is obtained ^-iodo-propionic acid, CH2LCH2.CO.OH; 
the iodine which occurs in the primary group is always the 
more stable. In polyatomic alcohols, on the contrary, the 
iodine which is foimd in the secondary group (called beta) 
shows the greater stability. If in the compound there are 
several hydroxyl groups, according to the conditions of the 
experiment, it is possible to replace all or some of them with 
chlorine. For an incomplete exchange, there may be used, 
among others, sulphur chloride, S2CI2, which reacts,^ for exam- 

' See substitution of iodine by hydrogen. 

' The product obtained always contains sulphur. 
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pie, with glycol, according to the equation: 

CHa.OH CHaCl 

2 1 +2S2Cl2 = 2| +HC1+S02 + S3. 

CHz.OH CHj.OH 

Instead of using tiie halogen acids, the different halogen 
compounds of phosphorus may be use<l, wliich react with great 
energy. In certain bodies, as, for example, phenols, carboxylic, 
and sulphonic acids, it is only by this means that OH may 
be exchanged for a halogen.' The trichloride of phosphorus 
ia used in cases where, other reactions than the exchange of 
OH may take place, such as the fixation of hydrochloric acid. 
Propargyl alcohol reacts according to the following equation: 

3CH=C.CH2.0H + PCla = 3CH^C.CH2Cl + PCOH)a. 

Sometimes the action of the trichloride leads to the for- 
mation of anhydrides, as with benzhydrol : 

(CaHsXaCH.OH, gives [(CaHsJaCHjaO. 

The pentacUoride is usually applied in eases where the 
body contains several hydroxy! groups and it is necessary to 
replace them all ; erythrite, for example, gives erythrene tetra- 
chloride, CiHgCL,. The pentachloride and pentabromide of 
phosphorus are used for the replacing of OH by CI and Br 
in phenols and in carboxylic and sulphonic acids. In aliphatic 
acids, the same result is gained by the action of PCI3 or POCla.^ 

' Tbc OH of carboiylic acida may bo replaceil by ohlorine with hydrochloric 
•cid only in the presence of pboBphoric anhydride. Thu9, by passing a current 
of the gas into glacial acetic acid mixed with P,Oj. acetyl vhloride is formed 
«Ten at 0°C'. But benzoyl cloride eaji only be obtained by pasaing hydrochloric 
Bcid RttB inUi a luiiture of beuioic acid and P,0, hoatai! lo ■200" C. 

' Kor the preparation of the acid brotnidefl, in p]acp of PBr^ it is more con- 
Teoienl lo uiie a mixture of the acid with phoaphorua, while bromine ia added 
from time lo time in quantity correBponding to the equation: 
3RCO.OH+2PBr.- 3R.C0Br+ 3HBr+ P,0, 
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By the action of PCI5 on the oxy-acids, the hydroxyl groups 
are replaced by CI. The aromatic oxy-acids at first give com- 
binations which contain phosphorus and chlorine like 




CJEU\ yPCla, which finally become, by the action of the 

pentachloride or simply by the action of heat, chlorinated 
acid chlorides, C6H4<r ^ * GlycoUic acid gives chlor-acetyl- 
chloride, according to the following equation: 

CH.OH CH2.CI 

I -f2Pa6-| +2POCl3+2Ha 

CO.OH co.a 

The same reaction takes place with the perbromide. 

In order to obtain a brom derivative of an oxy-acid, it is 
necessary to heat the latter with hydrobromic acid, or to use 
the perbromide with the ether of the oxy-acid. Thus : 

CH2.OH CH2.Br 

I +PBr5=| -fPOBra-f-HBr. 

CO.OC2H5 CO.OC2H5 

With certain polybasic oxy-acids there are formed unsatu- 
rated derivatives of the acids: thus, malic acid ^ves fumaryl 
chloride- tartaric acid is converted into chlor-malyl chloride; 

CO.OH co.a 



CH.0H CH 

I + SPQs =11 + 3POCI3 + 4Ha. 

CHj CH 

I I 

CO.OH co.a 

Replacing a halogen by OH. (See Chapter on Oxidation.) 

The replacing of in the CO group of aldehydes, ketones, 
ketonic acids, and other compounds by CI or Br is done by 
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using the perchloride or perbromide (it b better to take the 
chlor-bromide, because it is easier to separate the oxychloride 
by oxidation). The reaction takes plaoe in the cold; often 
it is necessary to moderate the temperature by coohug, or by 
addition of oxycUoride; in certain cases it is necessary to 
heat either under ordinary pressure or in sealed tubes. During 
this reaction the halogen acid is sometimes tlieengaged. 

The replacing of by I, cannot be done directly. It 
is necessary to operate indirectly by first splitting off water, 
then treating with hydriodic acid, which is then fixed by the 
unsaturated body: 

CH3.C0.CH3-H20 = CH3.C=CH, 
CH3.CsCH + 2HI=CH3.Cl2+CHa. 



D. Preparation of the Derivatives of Kitrous and Nitric Acids 
and of Hydroiylamine, 

Replacing H by NO. — The introduction of the NO group 
by tlie substitution of liydrogen linked to a carbon atom only 
takes place in a few cases. It is believed that tiiis reaction 
occurs when mixture of potassium nitrite and sulphuric acid 
is allowed to act on an alkaline solution of secondary nitro 
compounds, such as nitro-isopropane, (CH3)3CH.N02, which 
is converted into isopropyl-pseudonitrol, (CHajaCtNOjNOj.' 

'Nitro cuinpoiuidii ant diSerenlJy affected by nltrouH Kciil, according to 
whether Ihey nre primary, B.CH,NOj, secondary, R,:CH.NOp or tertiary, 
B, ■ C'.SO, Primary nitro compounds are converted into nilrulie acidi (oiimid- 
compounda) which dissolvu in nlkallee with tui intense red color: 

CH,,C H,!.NO,+ iOjN.OH-CH,,c/^|^'^ + H,a 

Serondary nitro compounds give pKudo-nilroia, nhtch are soluble in aUcaliai, 
giving a deep blitt color: 

(CH,),:C]Hi.NO,+ !HOJ,NO-(0H,),.C<^°+H,O. 
Tertiary rntro compounda do not react witli nitroiu itcid. Thme roactiona 
aflard n delicate method of detecting primary, secondary, and lertinry alcohols- 
the Bioohoti ore Grsl conTerted inlo iodides {with PI,), and then treated witli 
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Certain aromatic tertiary bases, such as dimethyl-aniline, 
C6H5N(CH3)2, are changed into nitroso derivatives by the 
theoretical amoimt of potassium nitrite or amyl nitrite added 
to their hydrochloric acid solutions, well cooled. This reac- 
tion does not appear to be general; for the ortho- and jHira- 
dimethyl-toluidines do not form nitroso derivatives, while 
the meto-body furnishes C6H3(NO)(CH3)N(CH3)2. It is pos- 
sible that this may not be a nitroso compound, but an iso- 
nitroso compoimd. 

The nitroso-amines of the aromatic bases are converted into 
para-nitroso derivatives^ similar to para-nitroso-dimethyl-anil- 
ine, by an alcoholic solution of hydrochloric acid. It is thought 
by some that nitroso-dimethyl-aniline may be an azoxy deriva- 
tive and may have the quinonoid formula 

N=/~\=N(CH3)2, H0.N=/^=N(CH3)2.C1, 

^ ^ 

which would explain the formation of the sodium salt of para- 
nitroso-monomethyl-aniline : 

/ n 



NaO.N-<^~^=N^ ' 



The other aromatic derivatives either do not react with 
nitrous acid, or behave in quite a different manner. Thus, with 
phenol, there is formed a body which for long was considered 
as nitroso-phenol, but which is really a quinone-oxime. Per- 
haps it is formed as an isomeride of the isonitroso compound 



silver nitrite (AgNO,). The nitro compounds which are thus formed are dis- 
tilled off and mixed with potassium nitrite and sulphuric acid; on adding aa 
excess of potassium hydrate the liquid becomes either red or blue, or remains 
unchanged, according to whether the alcohol was primary, secondary, or ter- 
tiary. Only the alcohols of low molecular weight show these color reactions. 
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which may at first be produced; 



C9H4<^^Q 



— C6H4<| 



.OH. 



Nitrous acid with alcohols of the aliphatic series simply 
replaces the hydrogen of the alcoholic group to form nitrous 
eaters. These are easily obtained by saturating the alcohol 
with N2O3, and the reaction, if necessary, is completed by the 
aid of heat; or, better, to a mixture of the alcohol with sul- 
phuric acid and water, there is added a solution of potassium 
nitrite, and the ester formed is subsequently isolated. A very 
convenient method for preparing these esters is to employ 
the double decomposition between the alcohols and the nitrous 
ester of glycerine.' 

The hydrogen united to the nitrogen of imido compounds 
is easily replaced by NO by the action of nitrous acid; in 
this manner are formed the nitrosaniines : 

(CaH5)2.NH + NO.OH = (CeHs)2N.N0 + H2O. 

These nitrosamines are prepared by passing NzOa into 
a solution of the imide base {in alcohol, ether, benzene, acids, 
etc). The body produced is separated by evaporating the 
solution or by diluting with water. There may also be used 
potassium nitrite, which is added in the theoretical quantity to 
a hydrochloric aciti solution of the base; or the nitrous esters 
of ethyl and amyl alcohol may be employed. 

The anilides behave in the same manner, but the nitroso 
botlics formed are distinguished from the nitrosaniines by 
their instability. Nitroso-anilide, {CflH5)(CH3.CO)N.NO, L«t 
prepared by passing NzGj into a solution of the anihde in 
glacial acetic acid. Pipcridine and its derivatives (for example, 
Conine or a-propyl-piperidine) and tetrahydro-quinoline also 
give nitroso compounds. 

' Oai. cAim. UiU... tdL 15, p. 351. 
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Substitution of H by n02.— This substitution only takes 
place easily in the aromatic series by the action of nitric 
acid. In the aliphatic series nitro compounds are rarely formed. 
Mention, however, may be made of the formation of C(N02)4, 
nitro-isobutylene, and nitro-barbituric acid; it may also be 
remarked that nitro-styrene probably has the formula 
C6H5.CH :CH.N02. Further mention will be made of those 
compounds, known as dinitroso, obtained by the action of 
nitric add on ketones. 

In the aromatic series, nitration is a very general one. In 
order to nitrate the aromatic hydrocarbons, they are added 
little by little to fuming nitric acid, and it is better that the 
Wter does not contain any nitrogen oxides; or the acid may 
be added slowly to the hydrocarbon. A sufficient quantity 
of water is added to isolate the nitro derivative. It is often 
easier to regulate the nitration by operating with a glacial 
acetic acid solution. The nitric acid employed in the majority 
of cases has a density of 1.50 to 1.52.* In the nitration of 
benzene, an excess of benzene diminishes the yield of nitro- 
benzene, an excess of acid increases it. 

Nitration in general does not have to be made at elevated 
temperatures; it is often necessary to use refrigeration, some- 
times to 0^ C, for nitric acid also acts as an oxidizing agent; 
and, if the hydrocarbons have side-chains, they may be con- 
verted into carboxylic acids or ketones. The ease of nitra- 
tion increases with the number of side-chains. In order Uy 
obtain higher nitro products, the reaction is carried out with 
a mixture of nitric and sulphuric acids, or with the aid of heat, 
if necessary. The sulphonic acid compoimds, if heated strongly 
during nitration, may have their SO3H group replaced. Thus 
mesitylene sulphonic acid, C6H2(CH3)3S03H, if it is not cooled,, 
gives dinitro-mesitylene, C6H(N02) 2(0113)3. 

The nitro-sulphonic acids, being soluble in water, cannot 

* For the action of nitric acid of different concentrations on the aromatia 
hydrocarbons and their derivatives, see AnnaUn, voL 224» p. 2S3. 
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be separated by addition of the latter; in order to accomplish 
this, the acid liquor is diluted with a little water and the excess 
of nitric acid is evaporated off on a water-bath. 

Phenols are nitrated so easily that it ia not necessary to 
use fuming nitric acid. PhenoUc ethers behave in the same 
manner. The amido compounds ' react readily i^ith nitric 
acid, and give at once higher nitro products, or even reanoua 
matters; aiso it is only necessary to use the theoretical quantity 
of acid or to employ it dilute. With anihne, for example, 
the amine i-s dissolved in a large quantity of cold sulphuric 
acid, and there is added, little by little, a mixture of the theo- 
retical quantity of nitric acid with sulphuric acid. When 
the reaction is finished, the mass is diluted with water, and 
the excess of acid neutralized in order to fffecipjtate the nitro- 
amido compound. In the majority of cases the amido com- 
pound itself is not nitrated, but the anilide; the reaction pro- 
ceeds nicely, and, according to the concentration of the acid, 
either niono- or dinitro products can be obtwned. The NOa 
group always replaces the hydrogen in the benzene nucleus 
of the base, even in the case where the anilide contains the 
residue of an aromatic acid. The anilides of the oxy-benzoic 
acids offer an exception; in the nitration of salicyl anilide, 

CflH4<f Jrt' „W ■ * ^, the principal product obtained is 

/(l) C0.NH.C6Hs 
CaH8e-(2) OH 
\5) NO2 



The nitro-aniUdes, on saponification, by heating with a 
concentrated halogen acid or with caustic soda, yield the nitro- 
amido compounds. (To obtain the nitro compounds by the 
reduction of the dinitro derivatives, see under Chapter II.) 

The carboxylic acids are nitrated less easily. Containing 
side-chains, they should be nitrated cold, or by using a less con- 



' Pot the produc 



D.dimetihjriuuliiua, aea uncJer Cli»pteT 1. 



SUBSTITUTIONS. 87 

centrated acid. The oxy-carboxylic acids, like the acid phenols, 
are nitrated very readily; salicylic acid, with fuming nitric 
acid, immediately gives a dinitro acid; to obtain the mono- 
nitrated acid, it is necessary to dilute the nitric acid with glacial 
acetic acid. The aldehydes and ketones require to be cooled 
considerably; they are nitrated by using a mixture of nitric and 
sulphuric acids. Quinoline and its derivatives only have the 
hydrogen of the benzene nucleus replaced, and not that of the 
pyridine, by the action of nitric acid. 

The formation of nitric esters by the action of nitric acid 
on alcohols gives rise to the substitution of the hydrogen in 
hydroxyl by NO2. Though frequent in the aUphatic series, 
this reaction is rare in the aromatic compoimds. The nitric 
acid used has a density of 1.3 to 1.4, and is deprived of its 
nitrous vapors by urea; it is cooled and mixed with the alco- 
hol. The ester formed is separated by distillation or addition 
of water. If the alcohol reacts with difficulty, heat is used, or 
sulphuric acid. It is necessary to avoid the formation of 
reddish-brown nitrous fiunes. Many oxy-acids behave in the 
same manner as the alcohols. Among the aromatic alcohols, 
the only one which yields a nitric acid ester is para-nitro- 
benzyl alcohol: 



CH2.O.NO2.O 




Replacement of NH2 by NO2.— This can be brought about 
by the use of the diazo compoimds, for which purpose the 
nitrous salts are treated with copper suboxide. For example, 
the nitrite of diazo-benzene, CeHsN :N.O.NO, gives nitro- 
benzene, C6H5.NO2, with hberation of N2. The amido com- 
pound is dissolved in two molecules of nitric acid, or in one 
molecule of dilute sulphuric acid; and there is added one mole- 
cule of alkaline nitrite, then a second molecule to form the 
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salt. To the aolution is now addefi some copper suboxide; 
there is a disengagement of nitrogen and a formation of the 
lutro compound. 

Substitution of a halogen by an NO; Group. — ^This is about 
the only methoil of obtaining the nitro derivatives of the ali- 
phatic series, and it is effected by allowing CnHa„+jI to react 
with AgN02 or KNO2. However, it cannot as yet be affirmed 
with certainty that the compounds obtained are true nitro 
derivatives.' These are not the ordy bodies formed, however, 
as simultaneously there are always produced more or less iso- 
meric nitrous esters,^ The more hydrogen there is attached 
to the carbon atom holding the iodine, the leas will be the 
quantity of nitrous est«r produced; thus, methyl iodide, 
CH3I, furnishes only nitro-me thane. Ethyl iodide gives partly 
nitrous ester and partly nitro-ethane ; and, finally, tertiary 
isobutyl iochde, (CH3)3CI, forms only a small quantity of 
nitro-butane. In certain cases the unsaturated hydrocar- 
bons are produced as secondary products, as in the reaction 
of silver mtrite on secondary butyl iodide, CH3.CH3.CHI.CH3, 
where butylene is disengaged. It is very seldom that iodine 
compountis are distinguished from those of bromine. The reac- 
tion, especially at the begiiming, takes place with much energy, 
BO that it is prudent to introduce the silver nitrite in smsU 
quantities at a time, and to keep the vessel containing the 
mixture well cooled. I'nder these conditions about 66 per 
cent of nitro-ethane can be obtained.^ 

The separation of the nitro derivatives and the isomeric 
nitrous esters offers no great difficulty, the latter being the 
more volatile. They may also be separated by the addition 
of alcoholic soda; for the nitro compounds, with the excep- 
tion of the tertiary ones, form sodium compounds which are 



' Sec Jour. Sue. Phi/s. Chim. Rumi, rd. Itt, p. 3H5. 

' In tliJB there u ft ilifference bctireen the reactioni 
ni+ MSO^: for, in the Iftltcr cage, sulphonic neida iki 
toiiiMl, nitbout the formKtion of uomerio eaten, of i 
derivatives. 

' See JituT. Sot. Pkya. Ckim. &<uu. \6L 14, p. 227. 
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difficultly soluble. During the reaction of iodo-ethyl alcohol, 
CH2.I.CH2.OH, with silver nitrite, there is formed some nitro- 
ethyl alcohol, CH2.NO2.CH2.OH. But iodo-ethylene and chlor- 
iodo-ethylene do not react completely with silver nitrite, and 
dinitro compoimds are not produced. 

The dinitro compoimds are formed by the action of potas- 
sium nitrite on brom-nitro derivatives. For example, to the 
alcoholic solution of brom-nitro-ethane, CH3.CHBr.NO2, there 
is added an aqueous solution of potassium nitrite, and then 
an alcoholic solution of alkali; there is formed the body 
CH3.CK(N02)2, which, on treatment with sulphuric acid, gives 
dinitro-ethane, CH3.CH(N02)2. 

Some of the nitro compoimds are seemingly obtained by 
the action of nitric acid on the substituted aceto-acetic esters, 
and on secondary alcohols (isopropyl alcohol excepted) . Some 
chemists do not consider these bodies as nitro compoimds, 
but as nitrous esters of dihydrates. Thus the nitro-propane 
compound, CH3.CH2.CH(N02)2, is given the formula 
CH3.CH2.CH(0N0)2. The formation of the potassium salts, 
(yellow crystals) of the dinitro compounds, or nitrous acid 
esters, is a characteristic reaction for secondary alcohols.* 

lodo-benzene, CeHsI, with silver nitrite, reacts when heated 
for a long time, and gives nitro derivatives of phenol. With, 
benzyl iodide, C6H6CH2I, there is formed benzaldehyde, benzoic 
acid, and nitrous oxide, NO. 

In certain cases the halogen of carboxylic acids can: 
also be replaced by NO2. Thus brom-ethyl acetate,. 
CH2Br.CO.OC2H6, with silver nitrite, gives ethyl nitro- 
acetate, CH2NO2.CO.OC2H6; even /3-brom-propionic acif', 
CH2.Br.CH2CO.OH, is converted into ^-nitro-propionic acid. 
With chlor-acetic acid, CH2CI.CO.OH, and potassium nitrite, 
in place of nitro-acetic acid, there are produced decompo- 
sition products of CH3NO2 and CO2. 

Substitution of a halogen by 0.N0.— Formation of nitrous 
esters from RI and MNO2. (See page 88.) 

* This id Chancel's reaction. See Bull. Soe. Chim., voL 31, p. 504, and Compti 
rend., vol 100, p. 604 
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Substitution of a halogen by 0JT02. — ^Formation of nitric 
esters by the action of silver nitrate on halogen compounds. 
The nitric ester of allyl alcohol is obtained according to the 
following reaction: 

CH2 : CH.CH2 Br + AgO.N02 = CH2 : CH.CH2.O.NO2 + AgBr. 

In the same way, para-nitro-benzyl chloride, C6H4<^ NO. ' 
Wh sUver nitrate, gives C6H4/^q^.0.N02 

Substitution of H2 by >N.OH. — ^When nitrous acid acts 
on bodies which contain a CH2 group (adjoining negative groups 
.such as CO or NO2), the following reaction takes place: 

R2.CH2 + NO.OH = H2O + R2.C : N.OH, 

jtnd isonitro compounds are formed, thus: 

CO.O.C2H6 CO.OC2H6 



CH2 +N0.0H=H20+C=N.0H 

CO.O.C2H6 CO.OC2H6 

CO.CHa CO.CHa 

I I 

CH2 +N0.0H=H20+C=N.0H 

I I 

CO.OC2H5 CO.OC2H5 

In order to obtain isonitroso-malonic ester, N2O3 is passed 
into a mixture of malonic ester and sodium alcoholate until 
no further absorption takes place; the isonitroso compound 
is separated by the addition of water. In order to obtain iso- 
nitroso-aceto-acetic ester, potassium nitrite is added to a solu- 
tion of aceto-acetic ester in an alkaUnc alcoholic mixture, while 
it is well cooled, and then 20 per cent, sulphuric acid is run in. 
After the reaction is completed the liquid is made alkaline, 
and any unchanged ace to-acetic ester is removed by ether; 
on acidifying again, the isonitroso compound is separated. 
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Benzyl cyanide, C6H5.CH2.CN, with amyl nitrite in the pres- 
ence of alcohol, is also converted into an isonitroso compound. 

The substituted aceto-acetic esters of the general formula 

CH3.C0.CHR.CX).0C2H5, 

during their transformation into isonitroso compoimds, are 
saponified at the same time, and the final reaction may be. 
expressed thus: 



i.co.c/! 



|\|H| +|H|+jO|N.OH 

I CO.OICzHc 0H| 

CHg 



-CHaCO.C : N.OH + CO2 +C2H5.OH 

The isonitroso ketones may be obtained by treating ketones 
with amyl nitrite in the presence of hydrochloric acid or sodivun 
ethylate. 

Primary nitro compounds (or rather their metallic salts) 
are converted into nitrolic acid derivatives (the salts) by 
nitrous acid. It is supposed that H2 is exchanged for > N.OH. 

R.CH2.NO2 > Rn/N02 



'•^N.( 



OH- 

Nitrolic acid. 

During the formation of diazo compounds, there also occurs 
the substitution of H2 (of the amido group) by >N.OH (or 
>NC1, >N.N03, etc.). 

Substitution of a halogen by N.OH takes place in the 
action of hydroxylamine on compounds which contain two 
atoms of halogen attached to a single carbon atom. Dibrom- 
nitro-ethane, CH3.CBr2.NO2, is presumably converted into ethyl 
nitrolic acid, 

^^^•^N02 ^^^ 
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The halogen substitution products of ketones behave in 
the same manner; but their oxygen also reacts with hydroicyl- 
amine and produces oximido ketoximes; 

CH3 CH3 

I I 

CO +2H2N.OH=C:N.OH -t-H20+2HCl. 

I I 

CH.CI2 CHiN.OH 

Substitution of by N.OH. — ^Aldehydes and ketones, as well 
as quinones, replace the by N.OH by the action of hydroxyl- 
amine in aqueous or alcoholic solution, giving rise to aldoximes, 
ketoximes, and quinone-oximes. The reaction proceeds tran- 
quilly in the cold by leaving the two bodies in contact. It is 
more convenient to use a solution of hydroxylamine hydro- 
<5hloride (the presence of ammonium chloride is not injurious) 
with the theoretical quantity of sodium carbonate.. 

Ketonic or aldehydic acids and their esters readily react 
ynih hydroxylamine. Bodies which contain two CHO or CO 
groups react with two and sometimes with only one molecule 
of hydroxylamine. Glyoxal gives glyoxime: 

CHO CH:N.OH 

I +2H2N.OH=| +2H2O. 

CHO CH:N.OH 

N.OH 

The oxime obtained with anthraquinone, C6H4 Jk v 

<\C0/^^' 
does not react any further with hydroxylamine, while its isomer, 
prepared with phenanthraquinone, reacts at 180® C. with 
another molecule of hydroxylamine, giving the dioxime or its 
anhydride : 

C6H4.C :N.OH C«H4.C :N.OH C6H4.C :Nv 

I I > I I > I I >. 

C6H4.CO C6H4.C:N.0H C6H4.C:N/ 
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The oxime, which correeponds to benzoquinone, and which 
is para-nitroso-phenol, obtained by the action of hydroicyl- 
iunine on quinone, reacts with another molecule, giving quinone- 
dioxune, C6H4(N.0H)2. 



E. Preparation of Ammonia Derivatives. 

Substitution of a halogen by NH2- — In the aliphatic series, 
and in the side-chains of the aromatic series, this takes place 
through the action of ammonia on the halogen esters. How- 
ever, the reaction cannot be expressed by the simple equation 
III-I-2NH3=RNH2+NH3.HI, because, besides the primary 
amines, there are also produced secondary amines, according to 
the time, the temperature, and the mass of the reacting bodies.^ 

It is also necessary to take into consideration whether 
aqueous or alcoholic solutions of ammonia are used, and also 
the character of the halogen compoimds. In the case of 
primary compounds, there are formed not only tertiary amines 
but also ammonium derivatives; in the case of secondary 
bodies, the chief product consists of primary bases. The 
tertiary iodides react with ammonia but do not give amines; 
they are decomposed with the formation of unsaturated hydro- 
carbons.2 The reaction is carried out in sealed tubes at 100° C.^ 

The separation of the primary amines from the products 
formed with them is sometimes very difficult. With the 
lower homologues, recourse cannot be had to distillation, as 
the difference between the boiling-points of the primary, 
secondary, and tertiary amines is too small. Generally, 
recourse is had to the oxalic esters. The product of the reaction 

' According to some, these bodies are formed successively; and, as there is 
always an excess of ammonia, the free bases are produced, their alkalinity being 
more feeble than that of ammonia, which decomposes their salts. 

' Also, during the reaction of secondary iodides with ammonia and the amines, 
the unsaturated hydrocarbons are readily formed. Isopropyl iodide, (CH,),CHI, 
with isopropylamine, (CH,),CH.NH,, gives propylene, CH^CH :CH^) 

'Methylamine can be formed at the ordinary temperature by liquefying ft 
mixture of methyl chloride and ammonia. 
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is evaporated on a water-bath, then potash is added to the 
mixture of the salts, and on distillation the ammonium com- 
pound, is left behind, as it is not decomposed by potash. The 
distillate consists of the amines R.NHj, R2.NH, and R3.N. 
This mixture of amines is then treated by the oxalic ester 
method. 

The aromatic amines may be separated by the fractional 
crystallization of their salts; the salts of the secondary amines 
are loss soluble than those of the primary, and more so than 
those of the t«rtiary. Also the (iifference in basicity is utilized, 
and the separation may be accomphshed by means of acids. 
Thus, a mixture of benzylamines, taken up with a small quan- 
tity of dilute hydrochloric acid, will give up at first the mono- 
and di-benzylamines, (CaHB.CH^j.NH^ and (C6H5.CH2)2.NH, 
and these may be separated subsequently by crystaUization ; 
the residue will be the tertiary amine, (CaHs.CHajg.N. 

The halogen of chlorhydrins, (CH2.CI.CH2OH) , aa well as 
the substitution products of the carboxyhc acids, may also 
be replaced by NH^. The ester of chlor-formic acid, CICO.OR, 
with ammonia, gives carbamic acid, NHjCO.OR. The esters 
of other chlor-acids behave in a slightly different manner; 
they are converted into chloi^acid amides. With chlor-ethyl 

CH2CI CH2CI 

acetate, I , there is fonned chlor-acetamide, | , 

CO.OC2H5 CO.NHa 

which, heated with ammonia, has the chlorine replaced to give 
amido-acetamide, NH2CH2.CO.NH2. For the preparation of 
similar amines, heating with lead hydrate is employed; Ihe 
lead salt thus obtained is decomposed by means of hydrogen 
sulphide. 

The other esters of the inorganic acida behave in the same 
manner as the halogen compounds. 

In the aromatic nucleus the halogen is seldom replaced by 
the amido group by treatment with ammonia. Brom-nitro- 



benzene, C6H,< 



/(I) NO2 
\(2) Br 



and sbnilarly chlor-nitro benzene. 
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C^EU\^ \a\ no ' ^^ftted in sealed tubes at 180® C. with am- 
monia, give nitraniline; but the meta-brom-nitrobenzene 
scarcely reacts at all with ammonia. In chlor-dinitrobenzene^ 
/(I) CI 

(4) NO2 

with ammonia water. The corresponding bromine compound 
reacts with difficulty, and the iodine compound is even lea* 
reactive. If two NO2 groups are found in the ortho posi-^ 
tion to one another, one of the two can be replaced by NHgr 

/(I) a 



C6H^(2J NO2, the chlorine is replaced by simply boiling 



Thus chlor-dinitrobenzene, C6H3^(3) NO2, is converted into 

\(4) NO2 

AD CI 

chlor-nitrotoluidine, CeHs^CS) NH2. 

\(4) NO2 

The substitution of halogens by NH2 takes place easily" 
by the action of aqueous or gaseous ammonia on the chlorides 
of the carboxyUc acids. The reaction takes place in the cold 
and gives very good yields. In the aUphatic series there is 
also formed a secondary amine as a by-product. In carrying; 
out the reaction, the acid and phosphorus trichloride are taken,, 
and not the ready-prepared chloride. 

By cautiously treating with ammonia such compounds a» 
dichlor-propionyl chloride, CH3.CCI2.CO.CI, the chlorine is only" 
replaced in the COCl group. 

The chlorides of the sulphonic acids react with difficulty; 
their amides can be prepared, nevertheless, by using gaseousr 
ammonia dissolved in ether, and, less readily, by prolonged 
boiling with aqueous ammonia. 

Substitution of OH by NH2. — ^This can only be effected by 
heating with ammonia or its salts in sealed tubes, with or 
without dehydrating agents. With the aUphatic alcohols 
there are formed primary, secondary, and tertiary amines^ 
and often, as by-products, unsaturated hydrocarbons. One 
may conveniently use the ammoniacal chloride of zinc, which 
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is prepared by passing ammonia over powdered zinc chloride 
heated to 300° C. The latter absorbs four times its weight 
of ammonia. The body R.OH is heated for fifteen hours at 
250° C. «-ith the ammoniacal chloride. The yield is from 50 to 
75 per cent, of the weight of the alcohol used in the reaction. 
The reaction with phenols takes place more readily. /9-naph- 
thylamine, with a certain quantity of /?-tlinaphthylamine, is . 
obtainetl by passing dry ammonia over /?-naphthol strongly 
heated. Anthrol gives anthramine: 



CfiH,. 



,0 )>CeH3.C 



XH. 



«'<iH>* 



:3.NH2 



When heated to 200° C. with aqueous ammonia, alizarin 
is converted into diamido anthraquinone. Many of the nitro- 
phenola also react readily with ammonia in concentrated solu- 
tion. With other phenols, ordinary phenol for example, it is 
necessary to heat with ammoniacal chlorides of zinc or cal- 
cium at elevated temperatures. One part of the phenol remains 
unattacked; but it is easy to separate this from R.NHj by 
the aid of acids and alkalies. 

The cyan-hydrins (produced by the combination of hydro- 
cyanic acid with aldehydes and ketones) react with ammonia 
■with remarkable ease, and give the nitriles of the a-amidocar- 
boxyhc acids. Thus: 



The latter body, on saponification, gives amido-propionic acid 
or alanine. 

The acids of the aliphatic series have their OH replaced by 
NHa, and are converted into amides, when they are treated 
■with ammonium sulphocyanide, CNS.NH^: 

2CH3.CO.OH H-CNS.NH* = 2CH3.CO.NH2 +COS + HaO. 
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There is generally formed a certain quantity of nitrile as a 
secondary product. 

Substitution of OH by NH.R and NR2. — ^This is accom- 
plished by heating phenolic bodies with primary and secondary 
amines, NH2.R and NH.R2. The reaction is sometimes more 
easily brought about than with ammonia. Thus amine is 
more readily converted into trimethyl-rosaniline than into 
Tosaniline : 

yC6H4.0H yC6H4.NH.CH3 

CAJ6H4.OH > C^6H4.NH.CH8 

\C6H4.O I X!6H4.NH.CH3.a 



Aurioe. Hofmann's violet. 

a- and j9-naphthols are converted into monomethyl a- and 
j9-naphthylamines by the action of monomethylamine. 

Fluorescein heated with dimethylamine gives tetra- 
methyl-diamido-fluorescein, or rhodamine, a magnificent red 
dyestuflf : 



(CH3)2N N(CH3)i 





Fluoreeoein. Rhodamine. 

These cases can be considered as indirect condensations 
with disengagement of water. 

Substitution of by NH. — ^This is brought about in cer- 
tain cases by the action of ammonia. Thus, different deriv- 
atives of pyrone, C5H4O2, heated with ammonia, and some- 
times even at the ordinary temperature, are converted into 
pyridone derivatives, C6H4O.NH. The acid C6H3O2, CO.OH, 
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forms C5H4O.N.CO : OH. The following formulas represent 
pyrone and pyridone: 

-As derivatives of pyrone, there are, among others, meconic 
acid, cheUdonic acid, which is tribasic, and pyromeconic acid^ 
which probably does not contain a carboxyl group, but which 
should be hydroxypyrone, C5H3(0H)02. 

On heating fluorescein with ammonia there is substituted 
not only OH by NH2, but also by NH. The following 
formulas for these bodies have been given: 





FluorMoein. DUaudo-imido-fluoresoein. 



Substitution of S by NH. — ^When sulphur is attached to 
a carbon atom with two bonds, it may be replaced by NH 
by the action of ammonia. This reaction generally takes place 
only in the presence of substances reacting with the hydrogen 
sulphide Uberated, such as the oxides of lead or mercury. 
Thus, from the thio-ureas are formed the guanidines: 




^^K3}hC6H5"*"^^*"^^^^"^^° +PbS+H20. 

The thio-amides react in the same manner with ammonia 
in the presence of mercuric chloride. 
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T. Methods for Obtaining Thio and Sulpho Compounds, and 

the Acid Esters of Sulphuric Acid. 

Substitution of by S.— The pentasulphide of phosphorus 
is generally employed, but in the CO group the is also replaced 
by the action of hydrogen sulphide, aldehydes and ketones 
being thus converted into thio compounds. 

Benzophenone, (C6H5)2C0 at 100®, with phosphorus penta- 
sulphide, P2S5, or with an alcoholic solution of ammonium 
sulphydrate, gives the mercaptan ((C6H5)2C(SH)2. 

Amides are converted into thio-amides by phosphorus 
pentasulphide; but as the reaction is very energetic, and as 
there may be a liberation of hydrogen sulphide and the for- 
mation of nitriles, it is better to use the anilides. Thus, for- 
manilide, C6H5.NH.CHO, heated on a water-bath with P2S5, 
gives C6H5.NH.CSH. 

The cyanates, by the action of phosphorus pentasulphide, 
give sulphocyanides. The of the OH group is replaced 
by S only by the use of P2S6. Acetic acid gives thio acetic 
acid. 

With phenols, besides mercaptans, phosphorus pentasul- 
phide also gives esters of phosphoric acid. For example: 

SCoHfi-OH + P2S6 = 2[PO(OC6H5) 3] + SHaS + 2C6H5.SH. 

For a description of the methods of replacing O by the 
aid of P2S8, see previous pages. 

Substitution of halogens by S. — ^The metaUic sulphides 
are used for this purpose. Thus: 

2CH8I +R2S = (CH3)2S +2RI. 

But the products resulting from the action of phosphorus 
pentachloride on aniUdes may be converted into thio-anilides 
by the action of ^hydrogen sulphide (thus, the compoimd 
CaH5.CCl2.NH.C6H5 is converted into thio-benzaniUde). 
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Substitution of halogens by HS. — ^This is accomplished by 
heating the halogen with an aqueous or alcoholic solution of 
potassium sulphydrate: 

CjHfiBr +KSH =C2H5.SH -t-KBr. 

Sometimes, with mercaptans, other sulphiu* compounds are 
obtained, according to the equation: 

2RC1 + 2KSH = R2S + H2S + 2KC1. 

The chlorides of the carboxyl and sulphonic acids behave in 
the same manner with potassium sulphydrate. The halogen 
to be foimd in the aromatic nucleus is replaced by HS under 
the same conditions under which the OH group is replaced 

/(I) ci 

by NH2. Thus, nitro-dichlor-benzene, C6Hs^(2) NO2, with 

\(4) a 

/(I) SH 
ammonium sulphide, gives CeH3^(2) NO2. 

\(4) CI 

Substitution of NH2 by HS. — ^In certain cases this can be 
realized by the aid of the diazo compounds. In fact, if to 

diazo-benzene sulphonic acid, C6H4<f 7N, there is added 

an alcoholic solution of potassium sulphide, a liberal disengage* 

ment of nitrogen takes place, and there is formed C6H4<^ so K^ 

the reaction also gives rise to the formation of various secondary 
products. ♦ 

Substitution of NH by S.— This is brought about by the 

direct action of hydrogen sulphide; thus, C^^Suf^,^ V[\> 

heated with hydrogen sulphide to 130*^ C, is converted into 



CeHs.C^ 



NCCeHs),- 
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The reaction takes place better on heating amidines in a sealed 
tube with carbon disulphide : 

In the same manner the group N.R can also be replaced by S. 

Substitution of H by SO2.OH. — ^This may be accomplished 
by the action of concentrated or fuming sulphuric acid, of the 
anhydride, or of chlorsulphonic acid, S02(0H)C1. The mono- 
sulphonic acids of the aromatic hydrocarbons are obtained 
by treating the latter in the cold, and more rapidly by heat- 
ing with concentrated sulphuric acid. With chlorsulphonio 
acid, it is necessary to operate cold, or even with artificial 
refrigeration. 

The insoluble sulphonic acids are separated by the additioa 
of a Uttle water; they may be recrystallized from sulphuric 
acid not too dilute. For the soluble acids the acid Uquor is 
diluted with water and saturated with carbonate of lead or 
barium, and the salts are purified by crystallization, after 
having removed the insoluble sulphate by filtration. The salt 
is then decomposed with sulphuric acid or hydrogen sulphide. 
In order to separate the isomers, it is best to form the chlorides 
by treating with phosphorus pentachloride, and then the 
amides by the action of ammonia. After crystallization of 
the amides, the acids are set free by heating imder pressure 
with hydrochloric acid. 

For compounds containing several sulphonic acid groups^ 
it is better to use fuming sulphuric acid and heat, or, still bet- 
ter, to pass the vapors of the hydrocarbon into acid of 66® B6, 
heated. 

The anhydride, SO3, and chlorsulphonic acid, S02(0H)Cly 
at an elevated temperature, can give rise to sulphones; these 
are easily separated, owing to their insolubility in water. 

The halogen and nitro substitution products of the aromatic 
hydrocarbons behave with sulphuric acid like the hydrocar- 
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tons themselves. (Boilies containing a halogen in the side- 
chain are carbonized with siJphuric acid.) Certain bromine and 
iodine compounds give with sulphuric acids certain higher halo- 
gen substitution products. Thus, dibrom-benzene, C8H4<^ ; , ' -^J, 

gives tetrabroni- and hexabrombenzenes.' 

The aniido compounds readily yield sulphonic acids on 
beating their sulphates, at 180-200° C, either simple or alco- 
holated, until water or alcohol is no longer set free.^ Thus: 



C6Hs.NHj.S04H2 = CflH4< 



/(I) NHj 
\(4) SOaH- 



H3O. 



C-a^ 



,/fP9:?.3+HO.S02.0CaHs-C6H3^(2)NHa +C2H5.OH.. 



■\(2) NHa 



\(5) SOaOH 



Both processes give good yields of the sulphonic acids.^ 

A particular case for obtaining the amido-sulphonic ocida 
consists in the action of ammonium hydrosulpliide on the 
nitro compounds, a-nitro-naphthalene is converted into the 
jjnmonium salt of amido-naphthalcne-sulphonic acid. 

The temperature is of great importance in the production 
of different isomers, particularly with the phenol sulphonic 
iLcids. Chlorsulphonic acid may be employed, acting on a 
solution of phenol in carbon disulphide. 

The carboxylic acids of the alphatic series are converted 
into sulphonic acids by the anhydride, SO3, or chlorsulphonic 
acid; in the aromatic series, fuming sulphuric acid is necessary, 
and also high temperatures. 

Sulphuric acid reacts with difficulty on the pyridine nucleus. 
With pyridine it is necessary to heat to 320° C. Also quinoUne 

' The »ciil playi the part of the broiuinating itgeiiL. See Btnehle, vol. 25, 
P. 15-20. 

' The Action of sulphuric ■nhj'dride on the aliphatic aoiiaee in to font) sul- 
phaminic wida: C,HrNH,-t-SO,-.SO,<('^2.C-H ' 

* The aulphovinlc^ eaten of the amido compouoda are obt«iii«I by the double 
deoompoaitioa of the calcium salts wilii oxalates of tlio bsMo. 
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gives a sulphonic acid in the benzene nucleus, but not in the 
quinoline part of the molecule. 

The saturated hydrocarbons and their halogen substitu- 
tion products do not react with sulphuric acid. The satu- 
rated alcohols, however, react; methyl alcohol with fuming 
sulphuric acid gives CH2(OH)S03H and CH(OH)(S03H)2. 
The anhydride, SO3, gives similar bodies by uniting, not with 
the carbon attached to the OH (except with CH3.OH), but 
with the neighboring atom: 

CH3.CH2.CH2.0H+S03=CH3.CH(S03)H.CH2.0H. 

The amides and the nitriles, at the same time they are 
saponified, are also converted into sulphonic acids. Aceto- 
nitrile gives sulphacetic acid, which in its turn, under the influ- 
ence of sulphuric acid, is decomposed with liberation of car- 
bonic acid and the formation of the disulphonic acid of methane : 

CH3.CN +3SO4H2 =CH2(S08H)2 +CO2 +S02(0H) (O.NH4). 

Substitution of halogens by SO2.OH. — ^This is an indirect 
way of obtaining the sulphonic acids of the aliphatic series. 
This reaction takes place by the action of sulphites on halogen 
compounds : 



CH2.CI CH2.SO3.Na • 

+S03Na2=| +NaCl. 

O.OM CO.OM 



A 



The ammonium salt may also be used. If ethyl iodide is 
heated with an aqueous solution of ammoniimi sulphite until 
complete dissolution, with ammonium iodide, there is formed 
at the same time C2H5.SO3.NH4. The mixture is diluted 
with water and boiled with lead oxide until ammonia ceases 
be to evolved; and after filtering, in order to remove the iodide 
of lead, there is in solution the lead salt of the sulphonic acid, 
which only requires to be decomposed with hydrogen sulphide. 

If there is in the compound several atoms of a halogen, 
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these may be substituted totally or partially, according to tte 
quantity of the salt used in the reaction. There may also 
be a reduction of the halogen. 

In the aromatic compounds, the halogen which is in the 
si(}e-chain may also be replaced ; 

Brom-beDiyLhromide. 

In derivatives of phenol, quinone, etc., it is only partially 
replaced. Thus, trichlor-phenol with potassium sulphite ^ves 
dichlor-phenol-stilphonate of potas^um and the chlor-phenol- 
disulphonat*. 

The halogens united to nitrogen are easily replaced by 
sulphuric acid: the solution of the chloride, C6H4{OH)N:N.Cl 
(obtained by the addition of the theoretical quantity of so- 
dium nitrite to the cooled solution of the hydrochloride of 
ortho-amido-phenol) , treated with potassium sulphite, gives 
C6H,{OH)N:N.S03K. 

Substitution of NHa by SO3H.— This offers an indirect 
means of obtaining sulphonic acid derivatives, and is effected 
by passing N3O3 into a concentrated alcoholic solution of the 
base, saturated with sulphurous acid : 

2C.H.<S|,.SO,H. + NA-2C.H.<(™.j^+2N, + 3H,0. 

The diazo bodies behave in this manner on boihng witli an 
alcohoUc solution of sulphurous acid. 

Substitution of OH by SO4H. — In the aliphatic series this 
is accomplished as readily as the substitution of H by SO3H 

in the aromatic series: 

CHa.OH+S04H3 = H20+CH3.0.SOj.OH. 

Sidphuric acid reacts ao energetically with the alcohols 
that it is necessary to mix them with caution; the reaction i: 
finished by heating for a time on a water-bath. On diluting 



J 
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with water, the excess of sulphuric acid is removed, as ah^ady 
explained. The free acids are obtained very easily by means 
of the lead salts which are decomposed by hydrogen sulphide. 
The acid esters of sulphuric acid are also obtained by adding 
gradually to chlor-sulphonic acid the theoretical amount of 
well-cooled alcohol: 

C2H5.OH +SO2.OH.CI =C2H5.0.S02.0H 4-HCI. 

The acid esters of the phenols are in general very imstable^ 
and cannot be prepared by the action of sulphuric acid 
on phenols (j9-naphthol-sulphate, C10H7.O.SO2.OH, offers an 
exception, as it is formed by the direct action of sulphuric 
acid). In order to prepare the corresponding alkali salts, 
potassium pyrosulphate is added to the concentrated aqueous 
solution of the alkali phenate, and heated for several hours 
at 60-70® C. The following equation may be taken as repre- 
senting the reaction: 

CeHs-OK +K2S2O7 =C6H5.0.S02.0K +SO4K2. 

If higher heat is used, the para-sulpho-phenol is formed. 

Substitution of H by SO2CI. — ^This is accomplished by the 
action of sulphmyl chloride, SO2CI2, on the alcohols and 
secondary amines. By gradually adding the theoretical quan- 
tity of alcohol to sulphuryl chloride and cooUng, an energetic 
reaction takes place, hydrochloric acid being Uberated, while 
there is formed RO.SO2CI, in the form of a heavy oil, which is 
purified by washing with cold water and drying over potash. 
The action of sulphuryl chloride on the hydrochloride of 
dimethyl-amine gives 

(CH3)2.N.S02C1. 

Substitution of SO3H by OH.— (See previous pages.) 
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G. Uethods for the Preparation of Metallo-Organic Derivatives. 

The substitution of H by a metal occurs in the OH (also 
in SH), CH2, and HH groups. The hydrogen of alcoholic OH 
is replaced by the action of the alkali metals, and also (espe- 
cially with the polyatomic alcohols) by the action of the oxides 
of barium, calcium, and lead. 

In phenols the H of OH is replaced by the action of alkali 
metals. 

In acids, the hydrogen is readily replaced by a metal by 
double decomposition with the salts. In order to prepare the 
salts of imtassium, sodium, calcium, barium, and strontium, 
the free acid is saturated by the corresponding base. The 
oxides of barium, calcium, and strontium may be used in 
excess, and afterwards removed by saturating mth carbonic 
acid. If the salt is not soluble in alcohol, it may be precipitated 
from its aqueous solution by the addition of alcohol. 

The salts of potassium and sodium soluble in alcohol may 
be prepared by saturating the alcoholic solution of the acid 
with the carbonates of potassium or sodium. 

The salts of the alkaline earth and heavy metals may be 
prepared by saturating the free acid with oxides of these 
metala, or by double decomposition of the alkahne or ammo- 
nium salts with barium chloride, acetate of lead, sulphate of 
copper, nitrate of silver, etc. This method is used for the 
preparation of insoluble or difficultly soluble salts. The silver 
salts of the aromatic acitls are prepared more readily by double 
decomposition of the calcium salts with pure silver nitrate 
not containing any free acid. 

The calcium, barium, and lead salts are often prepared; 
in order to obtain the free aci<l it is simply sufficient to decom- 
pose these salts with oxalic acid, sulphuric acid, or hydrogen 
sulpliidc, after ha\ing purified them by crystalUzation. The 
silver salts, not containing any water of crystallization, serve 
especially well for the determination of the molecular weights 
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of the acids; ignited at a red heat, they leave pure silver, with 
the exception of cuminic acid, which leaves a carbide of silver. 

To prepare the acid salts, it is simply necessary to incom- 
pletely satm'ate the acid; one-half in the case of dibasic acids, 
one-third or two-thirds in the case of tribasic acids, etc. 

The hydrogen of the CH2 group in carboxyl-ketonic acids 
is replaced by a metal not only by the action of metallic sodium, 
or sodium alcoholate, but even by double decomposition with 
salts. The copper salt of acetyl-acetic ester separates in the 
form of a precipitate insoluble in water when a solution of copper 
acetate is added to an alcohoUc solution of aceto-acetic ester. 
The hydrogen of the CH2 of malonic ester behaves in the same 
manner, as is also the case with the hydrogen of the so-called 
nitro compounds of the aliphatic series. 

The hydrogen of the NH group of the imides may also 
be replaced by metals. If alcohoUc sodium is added to an 
alcoholic solution of succinimide, followed by the addition 
of ether, there is precipitated C4H402.NK+iH20. The silver 
derivative, C4H402.NAg, is formed when silver nitrate is added 
to an alcohoUc solution of succinimide containing a Uttle 
anmionia. 

When a halogen is replaced by a metal, there are formed 
the metaUo-organic compounds. In certain cases these com- 
pounds are the result of a reaction between the intermediate 
products at first formed. As the metals which form such 
compounds are generally polyatomic, there is a condensation 
during the formation of the organo-metalUc compounds, and 
an indirect compUcation of the molecule. 



CHAPTER IV. 
REMOVAL OF RADICALS, 

General Considerations. — ^The removal of halogens and of 
the elements of water from organic compounds may take place 
when an atom of carbon, to which the halogen or OH is attached, 
is connected with one or more other atoms of carbon. The 
hydrogen which is removed is the one fixed to the neighboring 
carbon atom having the least number of hydrogen atoms.^ 
Thus: 

CH3.CC1=CH2 gives CHa-C^CH. 

o-Chlor-propylene. Allyiene. 

CH3 CH3 



CH.OH gives CH 



i, 



!H(CH3)2 C(CH3)2 

Secondary methyl- Trimethsrl- 

iflopropyl-carbinol. ethylene. 

If there is no hydrogen fixed to the neighboring carbon 
atom instead of a removal of groups, there will be a substitu- 
tion. Thus, with alcoholic potash: 

CH2 CH2 



CHs.C.CHaa gives CH3.C.CH2.O.C2H5. 

Iso-dimethyl- Ethony compound of 

ethylene chloride. iso-dimethyl-ethylene. 

CHCI3 gives CH(O.C2H5)3. 

Chlorofonn. Ortho-formic enter. 

^ Soe V. MarkovnikofT, Tht Reciprocal Action o/ Atoms on One Another in Chcmi^ 
cal Compounds, Kaaan, 1869 (in Ruwian). Also A. ZaytzeflF, On the Conditions 
of Fixation and Removal of the Elements of Hydriodie Acid in Organic Compounds 
(Jour, Soe, Phys, Chim. Russe^ voL 17, p. 289). 

loS 
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The alpha isomers of the halogen substitution derivatives 
of the acids lose their halogen with difficulty. With alkalies 
they exchange the halogen for hydroxyl. Thus a-chlor-pro- 
pionic acid is converted completely into lactic acid, but the 
«-brom acid is converted partly into lactic acid and partly 
into acrylic acid: j9-chlor- and brom-propionic acids give 
only acrylic acid. 

Some ^-brom acids, heated for a long time with water, give 
the unsaturated acids and certain decomposition products. 
By removing the halogens from gamma derivatives, inner 
anhydrides, or lactones, are formed. In the aromatic series 
the beta derivatives behave in the same manner. Cold water 
is sometimes sufficient to bring about this reaction. When the 
body contains two halogen atoms, they may be removed simul- 
taneously, the hydrogens attached to the most hydrogenated 
carbon atom being removed at the same time. 

RCH2.CCI2.CH3 gives R.CH2.C=iCH. 

^,NcH.CCl2.CH8 gives ]^,\:!H.C=CH. 

^,NCH.CH.CH.CH3 gives ]^,NcH.C=C.CH8. 



Br Br 

Removal of Hydrogen. — For the direct removal of this 
element see that of Br. 

Removal of Oxygen. — (See previous pages.) 



A. Removal of the Halogens. 

The removal of chlorine may be brought about by the 
action of nascent hydrogen (sodium amalgam and water, iron 
and acetic acid, zinc and sulphuric acid, zinc powder or cop- 
per and water), but generally it is necessary to heat the com- 



ORGANIC SYNTHESES. 

pound with sodium. Sometimes the removal of chlorine is 
brought about by simply beating the body. Thus, by passing 
the vapor of hexachlor-e thane, CCI3.CCI3, through a heated 
tube, ethylene perchloride is obtained, CCla^-CCU. There is 
also a removal of chlorine, at times, when it is endeavored to 
replace tliis halogen with iodine, especially if the atoms of 
chlorine are not fixed to a sijigle carbon atom. 

The removal of bromine is carrieil out more easily than 
that of chlorine, by the action of water, of sodium, of mer- 
cury, or with a zinc-copper element. For instance, trimethylene 
may be prepared by heating the bromide on a water-bath with 
zinc powder and dilute alcohol. In the same manner ethylene 
may be prepared from the bromide, C2H4Br2, and the dibro- 
niide of acetylene, C2H2Br2, from the tetrabromide, C2H2Br4.' 
Bromine derivatives treated with potassium iodide also lose 
bromine : 

CHa.Br.GHBr.CO.OH + 2KI=^CH2:CH.CO.OH + 2KBr + Ia. 

In the same manner, fumaric acid may be prepared from 
dibrom-succiiiic acid: 

CH.Br.COOH CH.COOH 

I +2KI = 2BrK + l2 + || 

CH.Br.COOH CH.COOH 

In order to neutrahze the iodine set free in the reaction, metalhc 
copper is added to the mixture.* 

The removal of iodine, as already indicated above, takes 
place sometimes in the decomposition of the iodine compounds. 



B. Removal of the Halogan Acids. 

The removal of hydrochloric acid is sometimes brought 
about by heating. Thus, Ihe products of the action of phoa- 

' See A. KabniiQlT, Oh Ihe Compouiida oj Aet/i/UHt, Muecon', tS81 (id Kuiuiui]. 
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phorus pentachloride on aldehydes, ketones, ketonic acids, 
amines, anilides, etc., often lose a molecule of hydrochloric 
acid. The second molecule is removed, as in other cases, 
through more or less energetic actions, as, for example, in the 
preparation of ethylene oxide by the action of potash on 
chlorhy drin : 



CH 






C2H4.a.0H4-K0H = Ka4-H204- | X), 



The best method consists in using an alkaline solution, aqueous 
or alcoholic, and hot or cold.^ Baryta-water may also be 
used, as well as the carbonate of silver and oxide of lead; and 
even recourse may be had to distillation with soda-lime. With 
aromatic compounds, the removal of halogen acids only takes 
place in cases where the halogen is in the side-chain. 

The removal of hydrobromic acid is more easily brought 
about than that of hydrochloric acid. It can be effected 
instantly, as when the imsaturated acids are converted into 
isomeric lactones, by the action of hydrobromic acid. Some 
methods of producing the unsaturated compounds are based 
on the removal of hydrobromic acid. 

The removal of hydriodic acid is very easily effected, and 
very frequently the iodine compounds are used for the prepa- 
ration of imsaturated derivatives.^ A concentrated alcohoUc 
solution of potash is used. This acid may also be removed 
by the oxides of silver or lead, and even with acetate of lead. 
The salts of hydriodic acid are sometimes decomposed by 
heating their aqueous solutions. The lead salt of iodo-pro- 

^ With an alcoholic alkaline solution there is usually produced, as a by-product, 
some ethers of RQ, as, for example, ROC^H^. 

' Occasionally through the removal of HI there are obtained two isomeric 
hydrocarbons. This may, perhaps, be attributed to the action of the alcoholic 
potash. Compare the behavior of the acetylene hydrocarbons. lodo-stearic 
acid (action of HI on oleic acid), treated with alcoholic potash, loses HI and 
gives ordinary oleic acid, together with a solid isomer of the latter. 
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pionic acid, CHal.CHa.CO.OH, gives acrylic acid; in a 

general maimer this reaction may be written as: 

C3H4MIO2 = MI H-CgHiOa. 



C. Removal of Water. 

In di- and tri-hy<lrates, in j-hydroxy acids, and som^ 
others, the removal o( water takes place at the moment of 
their formation. But generally it occurs through the action 
of heat or dehydrating agents, and also through the production 
of intermediate compounds. Thus, the ethylene hydrocar- 
bons are obtained by the distillation of the corresponding 
alcohols and ethers. 

The elements of water may be removed from alcohols by 
heating them with fused zinc chloride, or by gradually adding 
them to phosphoric anhydride. The latter method is a very 
convenient one for the preparation of the gaseous unsaturated 
hydrocarbons, particularly propylene.' Water may also be 
removed from alcohols by passing their vapor over heated 
zinc powder. Concentrated (and even, in some cases, dilute) 
sulphuric acid also produces the same result. 

At the same time that the desired hydrocarbon is prepared, 
there are also formed its isomers. The removal of water is 
frequently accompanied by reduction. 

The /?-oxy and oxy-polycarboxylic acids behave in the 
same manner as the alcohols with regard to the removal of 
water (distillation of the free acids, action of dilute sulphuric 
acid and heat, phosphorus chloride, phosphoric anhydride, etc.) : 
they are converted into the unsaturated acids. AlexeyefF 
admits the following series of transformations: - 

' Acrording to Bcilstctn. 

'The formatioii of pyruvic acid from glyceric acid is the rfsiilt of several 
■DCceMive roactionB. It ia very probable thftt there ia n romovsl of ^-OH and 
the formation of an iinsatiirat«d oyx-acid; then, by the Kxation and auhacquent 
loss of the elementa of water, the unsaturatod compound is coorerted into pyruvio 
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OHaOH CHa CM3 CHj 

I II I /OH I 

CH.OH > C.OH * C<xg * CO 

CO.OH CO.OH CO.OH CO.OH 

Glyceric mdd. Pyruvic acid. 

It is to be remarked that the transformation of pyruvic 
acid from glyceric acid is analogous to the production of 
aldehyde by the dehydration of glycol. 

The ethers of the a-acids, in which OH plays the r61e of a 
tertiary alcohol, are likewise comparable to the alcohols. 
Thus, methyl-acrylic acid is obtained by the action of phos- 
phorus trichloride on the ether of a-oxy-isobutjrric acid: 



(CH8)2C<^; 



OH 
CO.OH 



CH2 



CHa.C.CO.OH 

Generally, the a-oxycarboxylic acids, through the loss of 
water (by the action of heat), give anhydrides. 

The dihydric alcohols are also converted into anhydrides 

(oxides) by the removal of water. This reaction is easily carried 

out in many cases. Thus, by boiling with dilute sulphuric 

acid, 

CeHfiCH.OH CfiHg-CH v 

I is converted into | ^0. 

CH2.OH CH/ 

Phenyl-glyooL Pbenyl-cthyleiie oxide. 

The removal of water from the ordinary glycols of the ali- 
phatic series (by means of dehydrating agents) is accompanied 
by the formation of isomerides. The compounds formed are 
not true anhydrides but isomers, from which the glycol can- 
not be again regenerated by the addition of water; thus, ordi- 
nary glycol gives ethyl aldehyde: 

CHs 
CH2.OH I 

I > C=0 

CH2.OH I 

H 

GUyooL Aldehyde. 
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To obtain the true anhydrides it is necessary to remove the 
elements of hydrochloric acid from the mono-chlorhydrins : 

CH2.CI CH2V 

I -HC1= I >0 

CH2.OH CH/ 

Chlorhydrin of i^lyool. Ethylene oxids. 

The /--hydroxy acids, as remarked above, lose water when 
they are formed; on this account the lactones are always 
formed in their place. Thus, by the oxidation of isocaproic 
acid, 

(CH3)2.CH (CH8)2.C 



CH2 CH2 

I there is obtained | 

CH2 CH2 



CO.OH CO 

Iio-emproie acid. CaproiaetoDe. 

In the same maimer, by the reduction of levnlinic acid 
(a ;^ketonic acid), in place of obtaining the corresponding 
hydroxy acid, there is formed valero-lactone : 

CHs.CO CH3.CH- 

I I 

CH CHa 







CHo CH 



2 



CO.OH CO 

LeviMinie aeid. Vilero-laetooe. 



The removal of water from the aromatic hydroxy acids 
(OH fixed to the benzene nucleus) takes place rather diffi- 
cultly; it is necessary to subject the body to dry distiUation, 
or to the action of concentrated hydrobromic acid. In this 
manner it is possiole to obtain coimiarin from coumaric acid. 

The dicarboxylic acids behave in the same manner as the 
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a-hydroxy-acids; by heating them, or by the action of dehy- 
drating agents, they are converted into anhydrides. The acids 
of the aUphatic series, which have two carboxyl groups, united 
the one to the other (as in oxalic acid), or with one or two 
atoms of carbon (malonic acid and its homologues), do not 
give anhydrides, but are decomposed, giving rise to carbonic 
acid and a mono-basic acid: 

^^2<^C0'0H ' CO2+CH3.CO.OH. 

Malonio acid. Acetic acid. 

In the aromatic series, the anhydrides are formed when 
the two carboxyl groups are in the ortho position with refer- 
ence to one another, or with reference to the point which unites 
two benzene residues. 

Simultaneously with the anhydride, there are formed, in 
certain cases, ketonic acids. Diphenic acid, moderately heated 
with concentrated sulphuric acid, gives diphenyl-ke tonic acid: 

C6H4.CO.OH C6H4V 

I > I >o 

C6H4.CO.OH C6H3< 

\CO.OH. 

Some dicarboxylic acids are convered into anhydrides by 
a prolonged fusion, others by repeated distiUations, and 
some by acetic anhydride or acetyl chloride. To remove 
the water, sulphuric acid may be used, and also the chlo- 
rides and oxychlorides of phosphorus. When acetyl chloride 
is employed, it is necessary to remember that the hydroxy- 
dicarboxylic acids give acetyl anhydrides, and the unsatu- 
rated di-acids are converted into chlorine derivatives of the 
desired acid. 

The ammoniacal salts of the acids, when heated, lose water 
and form the amides of the corresponding acids: 

R.CO.ONH4 -H2O = R.CO.NH2. 



Il6 
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Dry distillation is sufficient, but in the majority of cases 
the salt is dissociated, and is decomposed into the acid and 
ammonia. Tiiis is particularly so with ammonium acetate 
CH3.CO.ONH4, when there is only a yield of 25 per cent.; by 
distilling sodium acetate with ammonium chloride, the same 
result is obtained. Better results are obtained if the salt is 
heated in an autoclave for five or six hours at 220° C, when 
the yield is 80 to 85 per cent, of the theoretical. Home aro- 
matic acids give a slightly better yield than this.' 

In some eases (for example, in heating the ammonium salt 
of isobutyric acid) a secondary amide is formed simultaneously 
with the primary amide. 

The dica'boxylic acids, on heating, behave in the same 
manner: with the acid salts there are formed acid amides; with 
the neutral salts, amides. 

The amido acids, on losing water, are converted into imides. 
This reaction sometimes takes place in attempting to form 
the acid amides. Thus, brom-succinic ester, heated with an 
alcohoUc solution of ammonia, gives the imide of aspartic acid, 
instead of asparagine : 

/CO.NHa 
\CO.OH 



C2H3Br(CO.OH)a . C2Ha{NH2)/^| 



and 



CaH3(NH: 



)<S> 



..NH. 



By the oxidation of ortho-sulplio-aiiiidotoluene there is 
produced simultaneously amido-sulphobenzoic acid and the 
imide derivative, saccharin, a substance wliich has an exceed- 
ingly sweet taste: 



e,H,< 



'•^\SO,.NH, '''^\S0,/'^"=- 



,/CH. 

Ortho-aulpho-unidotoluom. Amido-< 

' Willi rBBpoct lo Uio time and temperaluTo o( the reaction for tlillereiit acids, 
Bee MeDchoutlune, Jour, Sue Fki/s, Chim. Riutt, voL IS, p. Itil, aad voL 17. 
{>. Z60. 
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The amides, by the loss of water, are changed into nitriles: 



C6H6.CO.NH2 gives CeHfi.C^N. 

Benaamide. Benso nitrile. 



It rarely happens that water may be removed from amides 
by simply heating, but the intervention of a dehydrating agent 
is required (such as P2O6, PCls, P2S6, and ZnCl2). 

In order to obtain nitriles, one may start with the ammo- 
nium salt of the corresponding acid and treat it with phos- 
phoric anhydride. The aromatic nitriles are also obtained by 
the action of lead sulphocyanide on the acids: 



2C6H5.CO.OH + Pb(CNS)2 = 2C6H6CN + PbS + H2S + 2CO2. 

Bensoio acid. Benaonitrile. 



The ortho-amido-anilides (1.2), on losing water, give sub- 
stituted derivatives of the amidines: 



^«^\(2) NH to.CH3~^^^ ^ CeH4^ jjpC.CHa. 



The removal of water takes place at the moment of for- 
mation of ortho-amido-anihde (by the action of the chloride 
of the acid, or of the acid itself, on the ortho-diamido com- 
pound). Some apparent anhydrides are obtained with the 

derivatives of ortho-amido-phenol. Thus, C6H4<^^^C.C6H6 is 

prepared by the reduction of C6H4<^ ^ p^ p -rr , or is produced 

in the action of benzoyl chloride on ortho-amido-phenol. 

The aldoximes R.CHiN.OH, by the loss of water (with 
acetic anhydride), are converted into nitriles, RC:N. 

Some compounds containing nitrogen are easily decom- 
posed with loss of water. The oxidation of choline, 
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CH2.OH CO.OH 

I , instead of giving | , furnishes 

CH2.N(CH3)30H CH2N(CH3)30H 

CO-O 
the anhydride of betaine, | | 

CH2N(CH3)3 
The diazo bodies of the phenols and the sulphonic acids 
lose water at the moment of their formation. For example, 
with the amido-sulphonic acid, 



'SO2.OH 
2 

in place of obtaining 



CeH4V NH, ' 



CeH4/^^^j;f°^^ we have CeH4<^jf2^)>0. 

Nitro-amidobenzoic acid, C6H3(NH2)(N02)CO.OH, in the 
same manner, with nitrous acid, gives: 

C6H3(N02)<^CO^^- 

The nitrites of the secondary amines and of the esters 
of the amido acids of the fatty series are very imstable com- 
pounds which decompose with loss of water, and the forma- 
tion of nitroso-amines and esters of the diazo-acids. Thus: 

CgHi 7N.HNO2 - H2O = CgHi e(NO)N. 

Nitroso-conine. 

CH2.NH2.HNO2 CH< I 

I -2H20= I \n 

CO2.C2H5 CO2.C2H5. 

Nitrite of slycocoU ester. Diaio-aoetio eater. 

The nitrite of glycocoll may be obtained by double decom- 
position between the hydrochloride of the ester of glycocoll 
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(action of HCl in absolute alcohol on the acid amide) with sil- 
ver nitrite. The ester of the diazo-acid is obtained by adding 
potassium nitrite to a solution of the hydrochloride of the 
ester of glycocoll; by the action of hydrochloric acid, there is 
a splitting-off of water and the formation of the diazo-com- 
pound. 

With the nitrite of aspartic ester there is obtained the 
ester of diazo-succinic acid: 



C(N=N)CO.OH 
:2.C0.0H 



CHo.i 



The diazo-acids of the aliphatic series are stable only in 
the form of esters or amides; when liberated they decom- 
pose with loss of nitrogen. By the removal of water from 
the ammoniimi compounds of the aldehydes, there may be 
obtained artificially the homologues and analogues of pyridine. 
Acrolein-ammonia on distillation gives picoline (^-methyl- 
pjrridine); with the ammonia derivative of crotonic aldehyde, 
coUidine (methyl-ethyl-pjrridine) is produced. The alkamine, 

(0113)2.0 — OH2 

nh/ Nch.oh, 

(CH3)2.C — CH2, 

which is obtained by the reduction of triacetonamine, gives, 
with sulphuric acid, the poisonous alkaloid triacetonine : 

(CH3)2.C-CH 

nh/ \ch. 

(CH3) 2.0 — OH2 

By heating normal butyric acid with pentasulphide of 
phosphorus, using two to three times the theoretical quantity, 
there is formed thiophene, C4H4S. Its formation can be regarded 
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as a removal of water and hydrogen from the thio-butyric acid, 
CH3.CH2.CH2.CO.SH, which is at first formed. 



D. Removal of Ammonia, NHs. 

When the diamines and the diamides are heated they 
lose NH3 and form imines and imides. Thus succinamide 
gives succinimide: 

CH2.CO.NH2 CH2.COV 

I -NH3= I >NH. 

CH2.CO.NH2 CH2.CCK 

The hydrochloride of ethylene-diamine is decomposed, 
when heated, into ammoniimi chloride and the hydrochloride 
of the imine: 

CH2.NH2.HCI CH2\ 

I =NH4C1+ I >NH.HC1. 

CH2.NH2.HCI CH2/ 

By even distilling the hydrochloride of pentamethylene- 
diamine (reduction of the cyanide of trimethylene) there is 
formed, at the same time with ammonimn chloride, some of the 
hydrochloride of piperidine: 

CH<^::ci:OT::Ha-NH.Cl+CH<;CH..CH,N^NH.Ha. 

£. Removal of Hydrogen Sulphide. 

The substituted thio-ureas lose hydrogen sulphide when 
treated with lead oxide, or with freshly precipitated mercury 
oxide. Thus : 

Methyl-thio-UTMU 



< 



Diphenyl*thio-urea. 
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The same thio-ureas of the aliphatic series may be obtained 
by heating the salts of the thio-carbamic acids (obtained by 
the union of CS2 with RNH2) with alcohol in sealed tubes to 
110-120*^ C, thus causing a removal of hydrogen sulphide: 

QP/NH.C2H5 TT Q_Qp/NH.C2H5 
^^S.NH3.C2H5 " ^2^ - ^^NH.CzHfi- 

The product obtained by the combination of diethyl- 
amine with carbon disulphide, 

qp/N(C2H5)2 

^^\S.NH2(C2H5)2' 

is a stable enough compound in the sense that it does not 
lose hydrogen sulphide even when treated with metallic oxides, 
but it is decomposed into diethyl-amine and a salt of diethyl- 
thio-carbamic acid. 

The substituted dithio-carbamic acids are converted into 
isosulphocyanic esters by loss of hydrogen sulphide : 



Qp/NH.R „Q p/N.R 



As the acids themselves are not very stable, their lead 
or silver salts are used. 

In order to prepare the isosulphocyanates of the aliphatic 
series, it is not necessary to isolate the salts of the dithio-car- 
bamic acids; the mixture obtained by the union of the amine 
with carbon disulphide and the theoretical quantity of mer- 
curic chloride may be distilled directly. The product of the 
union of 2R.NH2 with carbon disulphide may also be treated 
with an alcoholic solution of iodine. 

F. Removal of Sulphuric Anhydride (SOs). 

The removal of SO3 takes place by heating the sulphonic 
acids with water; with hydrochloric and hydrobromic acids 
to 150-250*^, and by the dry distillation of the sulphonic 
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acids. This reaction is very often employed for the purifi- 
cation and separation of the hydrocarbons, CnH2n-6; the best 
means of conducting this decomposition is with superheated 
steam. The dry salt of the sulphonic acid is mixed with 
3 parts of sulphuric acid and 1 part of water and heated to 
180-220*^ C; there is then passed a current of superheated 
steam through the mixture. 



G. Removal of Carbon (C). 

This is a very rare reaction; the only example, perhaps, 
is the formation of protocatechuic aldehyde, C7He03, from 
piperonal, CsHeOs, by heating this body in a sealed tube with 
hydrochloric acid: 

CeHsr— 0\i-,TT =C6H3r— OH +C. 

Fiperoiud. Protocstochuio 

aldehyde. 

Another example of this removal would be nitrophthalide, 
C8H5NO4, that Dussar is said to have obtained by the action 
of potash and calcivun hydrate on nitronaphthalene, C10H7NO2; 
but in reality there may be only a removal of the impurities 
in the nitronaphthalene, and it is doubtful if nitrophthalide 
is formed.^ 

H. Removal of Carbon Monoxide (CO). 

The aldehydes and ketones, on energetic heating, lose CO, 
Thus benzoic aldehyde, CeHs.CHO, gives benzene, CeHe ; benzo- 
phenonc, CeHs.CO.CeHs, and acetophenone, CGH5CO.CH3, 
are transformed, the first into diphenyl, CeHs-CeHg, the second 
into toluene, C6H5.CH3. This reaction is not very complete 
as there is formed a large amount of other products. 

1 Sec Fchling's llandwdrterbuch, Bd. V, p. 508, aud Jour, Soe. Phys. Chim. 
RusM, Yol. 2, p. 200. See abo AnnaUn, vol. 202, p. 219. 
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I. Removal of Carbonic Acid (CO2). 

The monocarboxylic acids of the formula R.COOH, by losing 
CO2, give the hydrocarbons, RH; it is only necessary to heat 
them with the hydrates or oxides of calcium or barium. 

The dicarboxyUc acids of the aliphatic series lose CO2 much 
more easily, and are converted into a monocarboxyUc acid whea 
the two COOH groups are attached to a single carbon atom^ 
Such are malonic acid and its substituted derivatives. Thus,, 
methyl-malonic acid (iso-succinic) is spUt up into carbonic; 
and propionic acids: 

CH3 



CHs.CH^ PQQTT =C02+ CH2 . 

COOH 

It is only necessary to fuse the acid and heat it to 180- 

220^ C. 

Some tricarboxylic acids are also decomposed easily; for 
example, aconitic acid. DesoxaUc acid heated in aqueous solu- 
tion is decomposed into CO2 and para-tartaric acid. 

Acids which yield anhydrides (oxalic, succinic) lose CO2 
under the influence of uranium salts (particularly the nitrate) 
when exposed to sunlight. To remove CO2 from aromatic 
dibasic acids, they are heated with lime. 

It is possible to remove more than one CO2 group from 
polycarboxylic acids. Thus meUitic acid, on dry distillation, 
gives pyromelUtic acid, 

C6(C00H)6 -2CO2 =C6H2(COOH)4; 

and, by heating with soda-Ume, benzene is produced: 

C6(COOH)e-6C02=C6H6. 

Mellitic acid above 200*^ C. loses 2CO2; fused with soda,, 
it gives benzene and carbonic acid. 
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To remove COa from clJorinated products of the aromatic 
acids they are heated in a sealed tube with dilute sulphuric 
acid; distillation with lime would remove the halogen. 

The nitro-carboxylic acids lose CO2 less easily. However, 
the alkaline dinitro-phenyl-acetates are decomposed slowly 
at the ordinary temperature, and instantly on boiling with 
water; 

Al) NO3 A\) NOa 

CflHa^O) NO2 +H20 = CaH3^(3) NO2+CO3HK. 

\(4) CHjCOOK \(4) CH3 

DiDilra-phenyl-Kctkte Dinitra-toluisiie. 

The amino-acids arc easily converted into amines by heat- 
ing alone, or with soda-lime; with caustic potash or with 
baryta-water in sealed tubes. Glycocoll gives methylamine, 
and the amino-benzoic acids give aniline. 

The ahphatic hydroxy-acids lose COa with difficulty; for 
if they are heated, in the majority of cases, they are decom- 
posed, with loss of water or formic acid. Sometimes the removal 
of COa is accompanied by the loss of water. This occurs, for 
instance, in the preparation of pyruvic acid, starting from tar- 
taric acid, although, in fact, this reaction may be more com- 
plicated, the formation of pyruvic acid taking place through 
the intervention of unsaturated compounds; 

CH{OH)CO.OH CHa CH3 CHa 

L ^11 ^1 ^1 

CH(OH)CO.OH C(OH)CO.OH C(OH)aCO.OH COiCO.OH 

TkTtuio Mid. Removal of COi + HgO. Fiution of H,0. Fynivie uid. 

It may be admitted that tartaric acid at first loses CO^ 
and gives glyceric acid, which then will give pyruvic acid. 

Tartronic acid, by the loss of water, gives glycollic acid (in 
fact, its anhydride) : 

p„/OH CHa.OH 

V"\C0.0H-C03= I 

COOH. 
CO.OH 
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The aromatic hydroxyl acids readily lose CO2 on distillation, 
alone or mixed with pimiice-stone, lime, or baryta. Gallic 
acid heated with water in a closed vessel to 200-210® C. gives 
pyrogallol through loss of CO2; with phloroglucic acid, 
CeH2(OH)3COOH, the decomposition takes place more read- 
ily, the latter being converted completely into phloroglucinol 
by simply boiUng with water. 

Pyridine- and quinoline-carboxylic acids, on distillation with 
lime, are decomposed with loss of CO2. Thus, nicotinic acid 
{^-pyridine-carboxylic acid) gives pyridine. The pyridine- 
dicarboxylic acids, when heated alone, give pyridine-carboxylic 
acids; the a-^-dicarboxylic acid gives nicotinic acid: 

C5H3(COOH)2N -CO2 =C5H4(C00H)N. 

If it is distilled with lime, two CO2 groups are removed. 

Ketonic acids, such as aceto-acetic add and others in which 
the CO and COOH groups attached to one and the same carbon 
atom, lose CO2 with especial ease (some above 100® C), and are 
converted into ketones : 

C6H5.CO.CH2.COOH -CO2 = C6H5.CO.CH3. 

Sometimes the splitting off of CO2 takes place at the moment 
of formation of a compound. Thus, in treating an aqueous solu- 
tion of the salt of iso-dibrom-succinic acid with silver oxide, 

CBra.COOH CO.COOH 

iin place of obtaining I 
H2.COOH CH2.COOH 

there is obtained the decomposition product, pyruvic acid and 
CO2: 

CO.COOH CO.COOH 

I -C02= I 

CH2.COOH CHs 
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In order to obtain ketones from the ketonic acids, they 
are decomposed with a dilute solution of caustic potash. 

In certain cases it is preferable to heat the ester with dilute 
sulphuric and hydrochloric acids, or with water alone. The 
esters of the diketonic acids may be used in the same manner 
(the diketones are easily decomposed with alkalies), as well as 
the halogen substitution products of the ketonic acids. 

There are some ketonic acids containing CO and COOH 
groups attached to a single carbon atom, which are, however, 
more stable ; these are not decomposed by saponification of their 
esters; they lose CO2 only after energetic heating; for example, 
the body 

H2CV yCO.CeHs 




H2(X XJO.OH 



Pyruvic acid, heated with dilute sulphuric acid, loses CO2 
and gives the aldehyde : 

CH3.CO.CO.OH - CO2 = CH3.COH. 

I > 

Phenyl-glycidic acid, C»H803= CW , 

OO.OH 
at the ordinary temperature, is decomposed with liberation 

of CO2. 

J. Removal of Fonnic Add (HCO.OH). 

Hydrophthalic acid, C8H8O4, with sulphuric acid, gives 
phthalic acid, at the same time with benzoic acid, carbon 
monoxide, and water: 

C8H8O4 = C7H6O2 + CO + H2O. 
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K. Removal of Acetic Acid (CH3.CO.OH). 

(See Chapters VII and VIII.) 

L. Removal of a Hydrocarbon. 

This reaction occurs in the decomposition of the esters of 
the alcohols. The action of phosphoric anhydride on phenols 
also takes place in the same manner. Thymol, for example, 
is decomposed into propylene and meta-cresol : 

/(I) CH3 /(I) CH 

CeHa^-— (3) OH =C6H4<^ /q\ htt +C3H6. 
\(4) C3H11 \^^^ ^^ 



H. Removal of Alcohol (R.OH). 

In a body which readily loses water, if the hydrogen of the 
OH group is replaced by a radical R, for example, C2H5, it is 
almost certain that the compound will be decomposed with loss 
of alcohol. The hydrates of substituted ammonias behave in 
the same manner; on heating them, they are decomposed into 
a compound in which the nitrogen is triatomic, and into an 
alcohol, or the products of its decomposition, hydrocarbon and 
water. 

N. Removal of Simple Ethers. 

The halogen products of the ammonium compounds, like 
R4NI, are decomposed by strong heat into NR-3 and IR. If 
the four radicals are not identical, and if they include a CH3 
group, the latter will combine with the halogen. 

0. Removal of Amines (NH2R). 

The sjrmmetrical urea compounds are decomposed by the 
action of acids into isocyanic esters and amines : 

^KjSh C§1 ^ CO.N.C2H5 + NH2.C2H5. 
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The thio-nreas behave in the same manner^ and this reac- 
tion is utilized for the preparation of iso-sulphocyanides of the 
aromatic series; the reaction also takes place in the aliphatic 
series, but it is not made use of. 

In the aromatic series, the thio-ureas are heated with sul- 
phuric or hydrochloric acid; it is better, however, to use a con- 
centrated solution of phosphoric acid (sp. gr. = 1.7), two or 
three parts of this solution to one part of the thio-urea. After 
heating for a short time, the iso-sulphocyanate is volatiUzed 
with steam, and in the residue the amine is removed with an 
alkali. Diphenyl-thio-urea is thus completely deomposed : 

CS<^|-^^*=CS.N.CeH5+NH2.C6H5. 



When the thio-ureas contain two diflferent radicals, there 
are obtained two sulphocyanides and two amines, the decom- 
position being effected in two directions : 



Cs/^^I5l and CS/M^I 



CHAPTER V. 
DIRECT FIXATION OF GROUPS. 

I. GENERAL CONSIDERATIONS. 

In the direct fixation of halogen acids ^ to unsaturated 
hydrocarbons, the halogen attaches itself to the carbon atom 
having the least amount of hydrogen 2 In cases where two 
atoms of carbon may be equal in this respect, the halogen 
combines with that one to which a methyl group (CH3) is 
attached : 

(CH3)2C=CH2 withHCl-. (CH3)2CC1.CH3. 



^See Markoynikoff and A. Zaytzeff as referred to on p. 108. See also 
Kablukoff, On the Triaiomie Alcohols and their Derivalivta, Moscow, 1887 (in 
Bussian). 

' Among the unsaturated hydrocarbons, those containing a carbon atom at- 
tached to the least number of hydrogen atoms combine the most readily with 
the halogen acids. This property may be used for the Bei>aration of isomeia. 
Thus, the two isomeric amylenes 

(CH,)yCH.CH-CH, 
Iso-propyl-ethjdeDe 

and 

MetM-ethyl-ethyleDe 

«annot be satisfactorily separated by distillation, as the former boils at 21** GL 
and the latter at 32^ CS. At 2Xf C, however, the latter alone gives the iodo-oom- 
pound: 

«nd this boils at above lOO*" Q. 

139 
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With hydrocarbons having the group — CsC-, two atoms 
of the halogen are fixed to the carbon atom with the least 
hydrogen. 

CHs.CsCH withHCl-> CH3.CCI2.CH3. 

Aldehydes and imsaturated acids, by the fixation of a halo- 
gen acid, most often form the ^-substituted body of the saturated 
compound : 

CH2 : CH.CO.OH + HQ = CH2.CI .CH2.CO.OH. 

Acrjdic acid. ^-chlor-propioiuc acid. 

CH2: CCl.C0.0H+HCl=CH2a.CHCl.C0.0H. 

With oxides containing the | yO group, the halogen 

attaches itself to the carbon atom with the most hydrogen, 
and the OH group, which is formed, to the carbon atom with 
the least hydrogen: 

>+Ha =CH2.C1.CH(0H).C0.0H. 

It is possible to obtain in this manner the iodo substitution 
products of the alcohols : 



CH3.CH V 

>0 +HI =CH8.CH(0H).CHaI. 



I 



In the fixation of the halogen acids to the unsaturated alco- 
hols, there is a displacement of OH by halogen (see page 79). 

With hydrobromic acid, there are often two isomers formed; 
by mochfying the conditions it is possible to direct at vdW the 
reaction in one way or the other. In the majority of cases the 
reaction proceeds normally (the bromine being fixed by the 
carbon atom with the least hydrogen) if the hydrobromic acid is 
not very concentrated. Thus, brom-ethylene, with acid satu- 
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rated at 6*^ C, gives mostly ethylene bromide, CH2Br.CH2Br; 
but if the acid is diluted with two volumes of water, ethyUdene 
bromide is formed, CH3.CH.Br2. The temperature of the reac- 
tion also exerts an influence: thus, atropic acid (a-phenyl- 
Acrylic), CH2=C(C(jH5).CO.OH, at lOO^'C, with concentrated 
hydrobromic acid, gives j8-brom-hydratropic acid; but at the 
ordinary temperature, a mixture of the a- and j9-acids is ob- 
tained. 

The carbon atom to which the halogen attaches itself, in the 
«ase of the fixation of a halogen acid, is the same one as that 
to which the OH group attaches itself in the case of the fixation 
of water, 

n. FIXATION OF HYDROGEN (H). 
(See under Chapter II.) 

in. FIXATION OF OXYGEN (0). 

To the reactions already mentioned in Chapter I, there 
will be added here the case of the fixation of oxygen to com- 
])Ounds containing sulphur, nitrogen, or metals. 

The sodivun mercaptan, C2H5.SNa, with dry oxygen, com- 
bines with O2 and is converted into C2H5.S02Na. The same 
mercaptan, as well as other bodies of the tjrpe R.SH, are oxi- 
■dized by nitric acid, and by the fixation of O3 give the acids 
R.SO.2OH. The sulphur compounds R2S are oxidized equally 
by nitric acid or potassivun permanganate; by regulating the 
concentration and temperature, it is possible to fix or O2 and 
to obtain the oxides SOR2 or the sulphones S02R2.^ 

Iso-propyl-pseudonitrol, (CH3)2C(N0)N02 (see page 83), oxi- 
■dized with chromic acid, is converted into dinitro-isopropane, 
(CH3)2.C(N02)2 (?); but it is not possible to affirm that there 
is here a conversion of the NO group into NO2. It may be that 
there are several successive reactions, as, for example, in the 

* See A. Zaytzeff, Action of Niirie Add on some Organic Compounds contain- 
ing Svlphur, Kasaiit 1868 (in Russian). 



ORGANIC SYNTHESES. 



transformation of quinone-oxime (nitrosophenol, see page S3) 
into nitrophenol : 

/N.OH r,„ /m/0|HI «t„ 



Many metallo-organic compounds readily combine with 
oxygen and form oxides: 

(C2H6)3Sn (C2Hs)3Snv 

I +0= >0. 

When zinc-ethyl is slowly oxidized in ethereal solution, there 
ia "formed Zn (C2H5)20, and finally zinc ethylat« (C2H60)a Zn. 

IV. FIXATION OF HALOGENS. 
A. The Fixation of Chlorine (Cl). 

This takes place directly with unsaturated compounds, such 
as ethylene. Chlorine or the trichloride of antimony is used, or 
the body is slightly heated with a mixture liberating chlorine 
(Mn02 with NaCl and H2SO4). Sometimes with chlorine there 
are formed substitution products; this reaction is indicated by 
the evolution of hythochloric acid gas. 

It is necessary to take into account the part played by 
light in the action of chlorine. Thus, a-propylene chloride, 
CH3.CC1=CH2, in the dark gives substitution products; in 
the light, an addition product. The uasaturatcd compounds, 
when broniinated or iodinated, likewise fix chlorine, the latter 
with replacement of iodine by chlorine. For example, allyl 
iodide, CHa = CH.CH2l, with chlorine, gives the trichlorhydrin 
of glycerol : 

CHjCl.CHCl.CHaCl. 

Phenyl iodide does not lose iodine, but gives an addition pro- 
duct, CflHsI.CU, by the action of chlorine on its solution in 
chloroform. 

In order to fix chlorine to alcohols, ethers, etc., which are 
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tinsaturated; the method of procedure is to pass a current of 
cUorine gas into their solution in carbon disulphide. 

B. Fixation of Bromine (Br). 

In order to fix bromine to imsaturated gaseous hydro- 
carbons, they are passed into liquid bromine, covered with a 
layer of water, until the bromine is decolorized. The reaction 
may also be carried out by using a large vessel filled with the 
gas and provided with a reservoir of bromine. The bromine is 
added drop by drop, and the flask is shaken well; the gas may 
be led in continually from a gasometer. This method of opera- 
tion is a good one for the fixation of bromine by ethylene. 

For liquid substances bromine water may be used, or the 
bromine itself may be added directly to the well-cooled substance^ 
if necessary diluting with carbon disulphide, chloroform, ether, 
or glacial acetic acid; the bromine being added drop by drop 
until the red color of an excess of bromine is noticeable. With 
solid bodies it is best to shake their solutions in one of the above- 
named solvents with bromine.^ If an excess of bromine is 
imdesirable, a quantity of bromine sUghtly less than the theo- 
retical is taken. In order to avoid a violent reaction, the 
substance is placed under a watch-glass with a vessel con- 
taining the theoretical amount of bromine, so arranged that 
the compound is brominated by the absorption of the bromine 
vapors. If the substance is easily oxidized, it is necessary to 
dry it carefully. There sometimes arise secondary reactions: 
iodine compounds not only fix bromine, but also exchange 
their iodine for bromine; and the imsaturated acids, in fixing 
bromine with liberation of hydrobromic acid, may give brom- 
inated lactones. 

Compounds having the C=C group can take up Br2 and 
Br4; the first with ease, and the latter with more difficulty. 

Para-nitrophenyl-propiolic acid, C6H4<^ / . c CsCCOOH' ^^^ 

^ See A. Verigo, Dirui Fixation in the Azo-benzene Group, Odessa, 1871 (in 
Buasian). 
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takes up Brj. The reaction may be so energetic that there is 
sometimes a decomposition of the body, and, even by the regu- 
lated action of bromine in theoretical amount, it is impossible 
to avoid the formation of some tetrabromide. 



C. Fixation of Iodine (I). 

This takes place with more difficulty than that of chlorine or 
bromine. Compounds containing C=C only take up la, and even 
that with but little energy. For example, to combine tolane 
C.CeHj 

III with iodine, it is necessary to heat their mixture to 

CCaHb 

fusion, in order to fix iodine, either the gaseous body is passed 
over iodine, or the substance is treated with the latter dissolved 
in carbon disulphide, chloroform, or potassium iodide. The 
iodides of the ammonium compounds combine readily with 
iodine. Thus, NRtI.l2 and NRJ.I4 are formed by adding an 
alcoholic solution of iodine to a solution of NR4I. 



V. FIXATION OF HALOGEN ACIDS. 

Hydrobromic acid is fixed with more tUfficulty than hydri- 
odic acid, but less readily than hydrochloric acid. The action 
of hydrochloric or hydrobromic acid takes place either at the 
ordinary temjierature or by heating in sealed tubes. In place 
of the aqueous solutions of the acids, their solutions in glacial 
acetic acid may at times be used. 

WTien using hydrobromic acid, it must not be forgotten 
that there may also be a splitting-off of HBr; and, if the com- 
bination contains chlorine, this may be replaced by bromine. 

Concentrated hydriodic acid acts either cold or hot, either 
at the ordinary pressure or in sealed tubes. It must be borne 
in mind that this acid also acts as a reducing agent. Thus, 
ally! iodide, C3H5I, with hydriodic acid, gives CaHela, which is 
partially reduced to isopropyl iodide, (CH3)aCHI, and partially 
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decomposed into propylene, CH36 and I2. In order to treat 
volatile liquids with hydriodic acid, Lagermark proceeds as 
follows: In a tube is placed some phosphorus iodide, a glass 
capsule containing the theoretical quantity of water, and a 
small tube containing the substance; the tube is sealed and 
placed in a refrigerating mixture, the capsule is broken, and 
when the tube is removed from the cooling mixture the reaction 
is finished. 

VI- FIXATION OF WATER, 

The fixation of water to hydrocarbons of the ethylene and 
acetylene series takes place through the agency of sulphuric 
acid. At first there is formed an addition product with sul- 
phuric acid (H and O.SO2OH, which add themselves like H 
and halogens in the case of halogen acids), which is decom- 
posed by water into an alcohol in the case of ethylene deriva- 
tives, and into an aldehyde or a ketone (anhydrides of dihy- 
drates) in the case of acetylene compounds. The hydrocarbon 
is easily and quickly absorbed by the sulphuric acid (2 to 3 
parts of acid to 1 part of water). It is necessary to cool the 
mixture well, otherwise there may be a polymerization. 

Sulphuric acid also allows of the fixing of water to com- 
pounds containing double or triple bonds between carbon atoms: 

C.CeHs CO.CeHs 

Jj gives I 

l^.CqHs CH2.CeH5 

Tolane. Desozybeiuoin. 

The unsaturated acids of the acrylic series are converted 
into oxy-acids. 

Oleic acid, C18H34O2, gives oxy-stearic acid, Ci8H36(0H)02, 
When there should be obtained ;--oxy-acids by the action of 
sulphuric acid on imsaturated acids, lactones are formed instead. 

The salts of mercury permit of the convenient addition of 
water to the derivatives of acetylene (method of Koutcheroff).^ 

^ Jour. 80c Phys. Chim. Busse, vol. 15, p. 575. 
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Dilute nitric acid furnishes a means of adding water to the 
unsaturated compounds. It is in this manner that isobutylene 
is converted into tertiary butyl alcohol; croton aldehyde, 
among other products, gives aldol. There may also be obtained 
the hydrate of terpene by this method. 

The elements of water may also be fixed directly; fumaric 
acid, heated with water to 150-180° C, gives malic acid. 

The oxides and anhydrides of acids contuning the group 

f. ^>0 add the elements of water by boiling their aqueous solu- 
tions, or simply by exposure to the air at ordinary temperatures. 

The ease with wliich the elements of water are affixed de- 
creases with increase in the molecular weight. 

Oxides containing a tertiary radical, such as 



CH3.CH. 



(CH3)2C 



>, 



readily affix water even in the cold.* For hydrolysis accom- 
panied by reduction, see under Chapter II, 

The anhydrides of polycarboxylic acids are converted into 
acids, some by the acfion of water, and others only by the a tion 
of alkalies or alkaline carbonates; some of these acids, when their 
salts are decomposed, are converted into anhydrides and water. 

Coumarin affixes water through the medium of alkalies, 
and gives an acid isomeric with coumaric acid, existing only, 
however, in the form of a salt; alkalies convert these salts into 
the corresponding salts of coumaric acid, 

Nitriles, by affixing water, are converted into amides. 

R.C=N + H20 = R.C0.NHa. 



In neutral liquids, the fixation of water takes place slowly 
and incompletely; to increase the speed of the reaction it is 
necessary to u.se an alkaline or an acid medium. It is generally 

11, p. 35Si and Prjibuitek, On the Organit 
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customary to use an excess of dilute hydrochloric or sulphuric 
acid, and to heat, if necessary, in a sealed tube. 

It must be borne in mind that with an energetic reaction, 
as with acids or alkaUes, the amide in its turn is partially, and 
sometimes entirely, converted into the acid. Often, even for 
the preparation of carboxylic acids, in place of the amide, the 
nitrile may be used directly. Some nitriles, especially in the 
aromatic series, are very unstable. Thus, 



C6H5<^ 



(1)0H 

(2)CN 



is converted into salicylic acid simply by prolonged fusion with 
alkalies; the nitrile, C6(CH3)6.CN, is not converted into the acid. 
The nitriles may be saponified by means of hydriodic acid, 
but reduction often takes place. One of the best means of 
obtaining hydro-atropic acid consists in saponifying the product 
of the action of HON on acetophenone : 



CeHsV/OH 
CHa 7^CN ' 



which, on saponification, changes OH into H and gives 



^^^NCH.CO.OH. 



In order to convert the nitriles R.CO.CN into amides without 
forming acids, they are treated in the cold with the theoretical 
amount of fuming hydrochloric acid. 

Cyanogen in aqueous solution is converted almost entirely 
into oxamide by the addition of a small quantity of aldehyde. 
This reaction may be explained by the successive formation and 
destruction of a dihydrate.^ 

^ It is interesting to recall that this fact was discovered by Liebig while search- 
ing for a synthesis of malic acid by means of aldehyde and nascent oxalic acid 
(see J. liebig's and Wdhler*s Briefweehsd, Bd. II, p. 78). 
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Hydrogen peroxide also converts nitriles completely into 
amides with liberation of oxygen. Thus : 

CeHfi-CN + H2O2 = C6H6.CO.NH2 + 0. 

Some nitriles affix the elements of water with particular 
ease. If moist cyanogen chloride is passed through an ethereal 
solution of meta-nitraniline, there is at first formed a nitrile 
which subsequently affixes water and is converted into nitro- 
phenylurea : 



P XT /(I) NO2 _^ p H ^^02 ^ p^v^.C6H4.] 



.NO2 

Meta-nitraniline. Nitrile. Niirophanyl-uiisft. 



The amides, R.CO.NH2, by the fixation of water, give the 
ammonium salts, R.CO.ONH4. This reaction has been con- 
sidered as a replacement of NH2 by OH (Chapter I) . 

The iso-nitriles by the fixation of water are converted into 
substituted derivatives of f ormamide • 



^N+ 4- ~H20=™^NH. 



CH2^ H H 

Some iso-nitriles absorb water with so much energy that they 
convert glacial acetic acid into acetic anhydride. 

The imides, by the fixation of water, give acid amides; it 
is sufficient to heat them with baryta-water or lime-water, and 
in some cases with ammonia. The imide of aspartic acid (see 
page 116) gives asparagine: 



C2H3(NH2)<^^Q^NH + H2O -C2H8(NH2)<^^g; 



NH2 
OH • 



The Fixation of Hydrogen Peroxide (HO.OH). — ^This occurs 
with ethylene and gives ethylene glycol. Oxidation accom- 
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panied by hydration is another thing than the fixation of the 
elements of hydrogen peroxide (see chapter on Oxidation) . 

The Fixation of Hydrogen Sulphide (H2S). — ^This occurs with 
nitriles in the formation of thio-amides. The nitrile in alco- 
holic solution is treated with ammonium sulphydrate at the 
ordinary temperature, or by heating in sealed tubes. 

The Fixation of Sulphurous Anhydride (SO2). — ^This occurs, 
for example, with zinc-ethyl : 

V 

ZnCCzHs) 2 + 2SO2 = (C2H5.SO2) 2Zn. 

For the preparation of the sodium salt of sulphinic acid, 
see under Chapter I. Benzene sulphinic acid, CeHs-SCOH, 
occurs as the result of the addition of SO2 to CeHs in the 
presence of aluminium chloride. 

The Fixation of Bisulphites (MHSO3). — ^This occurs readily 
with aldehydes, the oxide of ethylene and its analogues. 

The Fixation of Sulphuric Anhydride (see page 103) . 

The Fixation of Sulphuric Add (see page 135) . 



Vn. FIXATION OF AMMONIA (NH3). 

Many aldehydes combine with ammonia to form hydroxy- 
amines: 

OH 



,.ch/J 



R.V.X.V JJJJ^. 



The method of carrying out this reaction is to pass a cur- 
rent of ammonia gas through a cooled solution of the aldehyde 
in ether or chloroform, or to add to the aldehyde an alcoholic 
or aqueous solution of ammonia. 

In the same manner, the imsaturated acids can unite with 
ammonia; crotonic acid, C4H6O2, heated in a sealed tube (100- 
115^ C.)) with an aqueous solution of ammonia, forms ;?-amido- 
butyric acid, C4H7(NH2)02. 
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Carbonic anhydride combines with two molecules of am- 
monia, giving the ammonimn salt of carbamic acid: 



Ks: 



NH2 
NH4. 



Carbon disulphide, heated with anmionia in aqueous or 
alcoholic solution, forms some sulphocyanide and some sulphy- 
drate of ammonium, but these products may be considered as 
coming from the decomposition of the ammoniiun thiocar- 
bamate which is at first formed : 



Ki 



g55|j^=CNS.NH4+H2S, 



The iso-cyanic esters and the iso-sulphocyanides combine 
with ammonia to give substituted derivatives of urea and 
thio-urea. 

The nitriles combine with ammonia to give amidines. For 
substituted derivatives of the amidines, see previous pages. 
The combination of hydroxylamine with nitriles gives amido- 
oximes or oximes : 

CHa.CN + NH2.OH = CHs.c/JJ OH- 

Vra. FIXATION OF OXIDES OF NITROGEN AND NITROSYL 

CHLORIDE.! 

By passing nitrous anhydride (arsenious acid and concen- 
trated nitric acid) into a cooled acetic solution of amylene, the 
body C6H10.N2O4 is formed. This is considered as a deriva- 
tive of trimethyl-ethylene, and without doubt has the formula: 



;> 



^■tls XT' r* r»TT 



O.NOo.N.OH 



i See Wallach, AnnaUn, vols. 239. 241, 245, and 248; also N. Bunge, On 
Nitroso Derivatives, Kieff, 1S68 (in Russian); and Jour, Soe, Phys, Chim, RuMt, 
▼oL 1, p. 257. 
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With a nitrite and acetic acid it is possible to affix N2O3. 
Terpene yields a crystalline body (nitrosite?) : 



CioHi6.N203=CioHi6^q'jtq. 



Nitrosyl chloride combines in the same manner with terpene 

to give CioHis^Q* , when it is passed into a solution of 

terpene in chloroform cooled to 10° C, or when concentrated 
hydrochloric acid is allowed to act on a cooled mixtm-e of 
terpene and nitrous ether. All these compounds are charac- 
terized by the ease with which the groups, O.NO2 and O.NO, 
as well as CI, are replaced by ammonia, amines, potassium 
cyanide, etc. 



IX. FIXATION OF HYPOCHLOROUS ACED (C1.0H).i 

Hypochlorous acid, in reacting with unsaturated compounds, 
gives nearly always two iso-merides. With acrylic acid, 
CH2=CH.C0.0H, for instance, it gives: 

CH2CLCH(0H),C0.0H and CH2(0H).CHC1.C0.0H. 

Often the OH of hypochlorous acid is attached to the same 
carbon atom as the CI when reaction with this acid occurs. 

The reaction with hypochlorous acid is carried out in the 
following manner: Freshly precipitated oxide of mercury is 
mixed with water, and chlorine is passed into the mixture during 
constant stirring; then a fresh quantity of mercury oxide is 
added. This solution of hypochlorous acid may be used directly, 
or it is distilled in a strong current of carbon dioxide gas in 

^ See P. Melikoff, On Derivatives of the Isomeric Crotonic Adda, Odessa, 1885 
(in Russian); and Jour. 80c. Phys. Chim. Busse, voL 19, p. 524; also C. Refor- 
matsky, Polyatomic Alcohols, Kasan, 1889 (in Russian). - 
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order to carry off the chlorine. When the reaction is finished 
the excess of hypochlorous acid is removed by the addition of 
sodium hyposulphite. Hypochlorous acid may be replaced by 
calcium hypochlorite to which boric acid is added. 

The fixation of hypochlorous acid is employed especially for 
the preparation of chlorhydrins of the polyhydric alcohols. 



CHAPTER VI. 

FIXATIONS ACCOMPANIED BY A DECOMPOSITION OF 

THE MOLECULE. 

L FIXATION OF WATER (HYDRATION), 

A. Hydration followed by a Rupture of Carbon Bonds. 

Many of the aromatic ketones, fused with potash or distilled 
with soda-lime, are decomposed into hydrocarbons and salts of 
the acids : 



CaH5.C0. CeHfi + H OK -CaHo +CaH5.C0.0K. 



It is necessary at times to employ boiling alcoholic potash* 
Anthraquinone is converted into benzoic acid by fusion with 
potash at 25(f C. : 

C6H4/cO/^^ "^ 2^^^ = 2C6H5.CO.OK. 

Diketones (see pagp 126) are readily decomposed with the 
addition of water by boiling with alkalies or acids, and yield 
ketones and carboxyUc acids: 

CH3-CO OH CHs.CO.OH 



C.H..CO.iH, = ^-'^•™' 

A certain quantity of the diketone is also decomposed at the 
other keto group, yielding the corresponding acid and ketone : 

CH3.CO.CH2 H_ CH8.CO.CH3 

„ „ i^ "'"OH^CeHfi.CO.OH . • 
CflHe-CO 

M3 
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The ketonic acids, like aceto-acetic acid and its derivatives, 
with concentrated solutions of the alkalies, are decomposed 
with the formation of carboxylic acids. Thus, aceto-acetic acid, 
or its ester (which is saponified during the reaction), yields 
two molecules of acetic acid; and benzyl-aceto-acetic acid (or 
its ester) gives benzyl-acetic acid (hydrocinnamic acid) and 
acetic acid : 

OH CO.CH3 HO.OC.CH3 

TT pxT/ CH2.C6H6 pxT y^CHa.CeHs 
^ '"^\CO.OH ^^%CO.OH • 

In the same manner, by heating carboxylic and hydroxy- 
acids with dilute sulphuric acid, they are decomposed into formic 
acid, aldehydes, and ketones. Some of them are decomposed 
on heating with caustic potash. Thus, a-oxy-isobutyric acid: 

(CH3)2.C.0H OH (CH3)2.CO 

I + -H20 = 

CO.OH H H.CO.OH. 

Phenyl-lactic acid, heated to only 130° C, is decomposed 
into formic acid and phenyl-aldehyde : 

C6H5.CH2.CH.OH OH C6H6.CH2.CHO 

I + -H20 = 

CO.OH H H.CO.OH. 

Citric acid is decomposed in an analogous manner, when 
it is moderately heated with concentrated sulphuric acid, into 
formic acid and keto-dicarboxylic acid : 

CH2.CO.OH 



^^ ICO.OH+ H 



I \0 j H +0H 



CH2.CO.OH 

The latter reactions may be regarded as a splitting-off of 
formic acid. 
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Unsaturated compounds, by the addition of water (boiling 
with water, dilute acids or alkaUes), can be split at the posi- 
tion of the double link. Mesityl oxide furnishes acetone, and 
benzoyl-acrylic acid gives aceto-phenone and glyoxylic acid : 

(CHa)^ OH OH (CH3)2.CO 

II + + -H20= . 

CH3.CO. CH H H CH3.CO.CH8. 

CeHs.CO. CH H H CeH5.CO.CH8 

II + + -H20 = 

CH OH OH CHO 



CO.OH CO.OH 

The rupture may also take place at a point other than that 
of the double link. For instance, ^-trichlor-acetyl-acrylic acid, 
by boiling with baryta-water, is decomposed into chloroform 
and f umaric acid : 

C.Cla H 

I + 

CH.CO OH = CHQa + CH.CO.OH. 



CH.CO.OH CH.CO.OH 

For cases of a rupture of the carbon bonds without a rup- 
ture of the molecule, see page 138. 

B. Hydration followed by a Rupture of a Bond between Carbon 

and Oxygen. 

The oxides of alcohol radicals, either the same or different, 
are decomposed by the fixation of water when they are heated 
with dilute mineral acids. Thus: 

C2H6.O.C2H6 gives 2C2H6OH. 

The true esters are only decomposed with diflBculty with 
water alone, and even then but incompletely. In the cold, 
ethyl acetate, CH3.CO.OC2H6, is slightly decomposed by water; 
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at 100° C, after six hours' boiling, the decomposition is not 
very great. The saponification takes place more rapidly by 
the action of acids anil caustic alkalies; the latter are mostly 
employed. The rapidity of the decompoation of the ester 
depends on its nature, as weJl as on the acid or alkali employed, 
and the contlitions of the experiment. 

To saponify esters they are heated with an excess of potash 
or soda, baryta, or lime; the oxides of lead and magneauin 
are also used. To accelerate the reaction, it is sometimes 
necessary to add alcohol. The end of the reaction is recognized 
by the lUsappearance of the ester, which is difficultly soluble 
in water. If an alkaline solution is used, the alcohol is removed 
by sttAin, or by agitation with a suitable solvent. The liquid 
is then acidulated, and. if the acid does not separate, it is 
removed by a solvent. If the acid gives a difficultly soluble 
salt, with a metal precipitable with hydrogen sulphide, such & 
salt may be prepared and subsequently decomposed by hydrogen 
sulphide. For acids difficultly soluble in water, their barium 
salts may be prepared and subsequently decomposed with sul- 
phuric acid. 

Esters allow of a convenient method for the preparation of 
Bubstitutetl products of the alcohols and acids. Thus, malonic 
eater, CHa(CO.OC2H5)2, treated with chlorine, is converted into 
chlor-malonic ester, CHCl(C0.0C2Hs)2i which is decomposed in 
the cold by alkalies into chlor-malonic acid, CHCIiQ rrir\\x> 
and alcohol ; if heat is employed, the hydroxy compound tar- 



tronic acid, 



CH(OH)^| 



CO.OH 



is formed. 



\CO.OH' ' 

To saponify the esters of the aromatic nitro-acids, it is 
necessary to dilute acids, for the action of alkalies gives rise 
to ftzo compounds. 

Certain precautions must be taken with ketonic acids; in 
certain cases, as, for example, with CeHs.CO.CHj.CO.OCjHs, 
it is necessary to use sodium carbonate for the saponiflcation, 
as caustic alkalies cause a more extensive decomposition. 
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The anhydrides of the carboxylic acids are slowly decom- 
posited by the action of water, and more rapidly by alkaUes. 
The anhydrides of the sulphonic acids are decomposed with a 
little more diflSculty. 

The carbohydrates, C12H22O11 and CeHioOs, take up water 
when heated with dilute acids, and are decomposed into several 
other carbohydrates. The glucosides are decomposed in the 
same manner by hydrolysis with dilute acids and the action of 
certain ferments. 



€. Hydration followed by a Rupture of a Bond between Carbon 

and Nitrogen. 

The substituted derivatives of the amides (anilides), heated 
in a sealed tube with water or with concentrated acids (HCl 
and H2SO4) , combine with water and are spUt up into carboxylic 
acids and amines : 

C6H4CI.NH.CO.H + H2O = C6H4CI.NH2 + H.CO.OH. 

Chlor-formanilide. Chlor-aniUDci 

This reaction is a limited one.^ 

Solutions of alkaUes and ammoniacal alcohol react in the 
same manner, but with more diflBculty. 

The compounds formed by the action of aldehydes on 
ammonia and amines (see page 139) are decomposed by hydroly- 
sis (heating with HCl) into their components. Bodies of the 
formula, R.CH=NR', double their molecule when heated with 
water. 

The decomposition of the iso-nitriles into formic acid and 
amines recalls that of the substituted derivatives of form- 
aniUde. 

Alkalies hydrolyze the iso-cyanic esters, and decompose 
them into carbonic acid and amines. The iso-sulphocyanides 



* See Menchoutkine, Jour. Soc. Phya. Chim, Russe, vol. 14, p. 274. 
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behave in the same manner. Thus, CeHs.NCS, heated with 
concentrated sulphuric acid (or, for example, hydrochloric acid 
acting on an alcoholic solution of the body), combines with 
water and gives C6H5.NH2, and COS. 



n. FIXATION OF AMMONIA. 

The decomposition of simple and compound esters by 
ammonia into amines and alcohols takes place but rarely : 

R.O.R + NH3 = NH2R + R.OH. 

The esters of the ortho- and para-nitrophenols, 

p rr /(I) O.CH3 ^. p XX /(I) O.CH3 

^^^\(2) NO2 ^"^ ^^^\(4) NO2, 

heated to 200° C, with an aqueous solution of ammonia, give 
methyl alcohol and the corresponding nitro-anilines. 

The true esters of the dicarboxyUc acids are decomposed by 
ammonia into amides and alcohols, and they react with either 
one or two molecules of ammonia. 

If there be added the theoretical quantity of an alcoholic 
solution of ammonia to a cooled solution of oxaUc ester, there 
is formed the ester of oxamic acid; with an excess of ammonia, 
oxamide is obtained : 

CO.OC2H6 CO.OC2H6 CO.NH2 



CO.OC2H6 CO.NH2 CO.NH2 

Oxalic ester. Oxamic eeter. Oxamide. 

Ammonia reacts readily with the esters of the substituted 
acids. WTien a-chlor-propionic ester is agitated with ammonia, 
it is converted into CH3.CHCI.CO.NH2. The reaction takes 
place in the cold, otherwise the chlorine would be replaced by 

NH2. 

The anhydrides of the monobasic acids are decomposed 
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more or less easily by ammonia with the formation of amides. 
The imido-esters react very easily with ammonia to form ami- 
dines: 

HC<S?^,+NH3-HC^NH+C^..0H. 



CHAPTER Vn. 
CONDENSATIONS. 

I. CONDENSATION BY DIRECT ADDITION. 

Some of the unsaturated hydrocarbons readily combine 
-with acids to form esters of the alcohols. Thus, amylene 
(trimethyl-ethylene) combines with acetic acid and other acids.^ 

The hydrocarbons, CioHie, heated with glacial acetic acid, 
are converted into esters of borneol and its isomerides. 

Anhydrides, such as ethylene oxide, easily form with acetic 
acid esters of the corresponding glycols : 



CH2V CH2.OH 

>0+C2H30.0H= I 
IHa/ CH2O.C2H3O 

Ethylene oxide. Mono-aoetio ester of gjbreol. 



k 



Ethylene oxide also combines with glycol, and even its own 
molecules polymenze. 

The anhydrides of the dibasic acids behave in the same 
manner. Thus, succinic anhydride, by boiling with absolute 
alcohol, is converted into the ester of succinic acid : 



CH2.COV CH2.CO.OH 

>0+C2H5.0H= I 
H2.CO/ CH2.CO.OC2H5 



i 



Aldehydes react with the anhydrides and chlorides of the 
acids to give derivatives of the dihydrates. Thus : 

CeHs-CHO + (C2H3O) 2O = CeHs-Hc/^-^^l^g. 

Bennddehjrde. Acetic anhydride. Benisrlidene diaoetate. 



1 See Jour. 80c Phy$. Chwn. Busae, toL 20, p. 694. 
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Some aldehydes combine directly with the amines and 
amides: oenanthylic aldehyde with aniline gives a body the 
formula of which is, imdoubtedly, 



CeHis.CH^ 



OH 
NH.CeHfi' 



Ordinary aldehyde ^ves the following compoimd with 
acetamide: 



yOH 
^^^•^^XNHAHaO' 



The polymerization of aldehyde can be considered as the 
combination of several molecules of aldehyde. However, it 
may also be the result of several reactions (formation at first 
of a hydrate, then removal of water). Thus, paraldehyde 
can be represented as the combination of three molecules of 
the dihydrate united with the loss of 3H2O: 



CH 



i 



3 



!H 

/\ 


/ \ 
CH3.CH CH.CHs. 

It is possible that the crystalline polymeride of ethylene oxide 
is formed from glycol in the same manner. 

Compounds which contain several atoms of carbon and 
nitrogen, united with several bonds, generally combine easily 
with several other molecules. 

Thus, cyanic acid and the iso-cyanic esters combine with 
alcohols and various ammonia derivatives. By heating the fol- 
lowing ester with ethyl alcohol in sealed tubes to 100^ C, 

C2H6.N=CO, we have CO^q-^^^» 

Etliyl ester of Ethyl ester of 

iso-cyanic moid. ethyl-carbamic acid. 
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With cyanic acid ^ the reaction takes place in the cold; the 
carbamic esters (urethanes) formed by the excess of cyanic acid 
are converted into allophanic esters : 

^^O.CzHfi + HN • CO = CO<\j jj2(jQ Q(.^jj^ 

Urethane. Ethyl allophanate. 

The iso-cyanic esters combine very readily with primary 
and secondary amines with the formation of substituted deriva- 
tives of urea. Thus, iso-cyanic ester is converted into di-ethyl- 
urea by the action of water, the molecule of ethylamine formed 
reacting with the ester: 

C2H5.N: CO+C2H5.NH2=C()<(^^-^2H5 

The iso-cyanic esters combine in the same manner with 
diamines and amides. In the first case, according to the quan- 
tity of iso-cyanic ester, there is a combination between one or 
two molecules : 



p p/(l) NH2 . n H^NCO-Co/NH(l)C6H4(2)NHj 



2 

Ctatho-phanylaiie-diamiiM. 

or: 



CH2.NH2 CH2.NH.co.NH.caH5 

+2C2H5.N:CO= | 
:2.NH2 CH2.NH.CO.NH.C2H5 



CHoJ 



In order to obtain monosubstituted ureas, instead of using 
free cyanic acid, potassium cyanate may be treated with the 
salt of the amine; the solution of the two substances in water 
is evaporated to dryness, and the residue is taken up with alco- 
hol. The cyanate formed in this reaction is converted so rapidly 



* Therefore, according to this reaction, cyanic acid behaves like a oarbimide. 
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by isomerissation into a substituted urea that one cannot be 
sure of its formation. 

The iso-sulphocyanides, Uke the iso-cyanic esters, when 
treated with alcohols and mercaptans, combine with them : 

C6H5.N : cs + C2H6.SH = cs/g c^nf ""• 

The iso-sulphocyanides also combine with amido com- 
pounds, and are converted into derivatives of thio-urea. The 
reaction proceeds very easily, it being even necessary to mod- 
erate it by diluting the reacting bodies with a suitable liquid, 
alcohol, for example. 

Sulphocyanic acid, when treated with amines, gives salts 
which are much more stable than the corresponding salts of 
cyanic acid. Thus, sulphocyan-ethyl-amine, CNSH.NH2.C2H6, 
does not give ethyl-urea when heated. But the salts of the 
aromatic amines give the corresponding thio-ureas. 

The nitriles combine with alcohols and mercaptans, giving 
imido-esters and imido-thio-esters. Thus: 

CNH -f C2H5.OH = Ch/^^^ jj^ 

The reaction does not occur by the direct combination of 
the two bodies; it is necessary to pass a current of hydrochloric 
acid gas through a well-cooled mixture of equi-molecular parts 
of the two bodies. Under these circumstances there is sub- 
sequently formed, with the nitriles of the aliphatic series, a 
. compound of the imido-ester with hydrochloric acid. It is 
necessary to carefully avoid excess of alcohol, or the following 
reaction will take place : 

CH^^^jj^.Ha +2C2H5OH =CH(O.C2H5)3 +NH4a 

Ortho-f onnio ester. 

In order to decompose the hydrochloric acid compound of 
the imido-ester, it may be treated with an alcoholic solution 
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oi ammonia, or it may be dissolved in ether and shaken with 
a solution of caustic soda. 

The unsaturated nitriles take up HCl at the same time 

CH2 

they form imido-esters. Thus, allyl-cyanide, || , 

CH.( 

treated with alcohol and HCl, gives 



.CH2.CN 



CH 



3 



AH(a)CH..C<NMCl. 



The nitriles combine with amines to form substituted deriva- 
tives of the amidines. The reaction is brought about by heating 
the nitrile with a salt of the amine in a sealed tube : 

CHa.C^ +C6H5.NH2.HCI =CH8.C^JJg ^^• 

Cyanogen (nitrile of oxalic acid) reacts at the ordinary 
temperature with amine compounds. Two NH2 groups enter 
into the reaction; that is to say, two molecules of a mono- 
amine and a single molecule of a body containing two NH2 or 
NH groups. Thus, by passing cyanogen into an alcoholic or 
ethereal solution of aniline, two molecules of the latter combine 
with one molecule of cyanogen : 

CN C6H5.NH.C:NH 
2C6H5.NH2+I = I 

CN C6H5.NH.C:NH 

But if a compound containing two NH groups is taken, the 
equation becomes: 

/NH.CeHfi CN /N(C6H5)C:NH 

C6H5.N:C< +1 =C6H5.N:C< | 

\NH.C5H5 CN \N(C6H5)C:NH 

IWphenjrl-guanidia*. 
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The reaction of CN.CN with amido-benzoic acid takes place 
between an equal number of molecules. 

Cyanimide and its derivatives behave like a nitrile, and in 
reacting with amido compoimds they yield derivatives of guani- 
dine. Thus: 

C5H5 JiH2.Ha +CN.NH2 =C^NH.C5H6.Ha. 

\NH2 

The diazo derivatives of the amido-sulphonic acids, by reacts 
ing with phenols, oxycarboxyUc acids, or amido derivatives, form- 
azo compounds (azo-colors) . Thus : 

N.C6H4.SO2V N.C6H4.SO2.OH 

I >0-fC6H5.0H= I 

N ^ N.C6H4.OH 

The reaction is carried out by taking the theoretical quan- 
tity of the diazo compound prepared in advance, or the end 
product of the action of sodiiun nitrite on sulphanilic acid, 

C6H4<^ «Q TT, which is added to a strongly alkaline solution of 

phenol; the intermediate compound which is formed can be 
transformed by acetic acid into H0.C6H4.N:N.C6H4.S02.0K. 
In using amines, it is better to take the hydrochloric acid salts. 
Other products are also obtained at the same time, according 
to the equation : 



C6H4<^^^j^^ -fC5H5.NH2.Ha 



GeB/^'^^ + CeHsN : N.CI, 



Diaso-benaene chloride. 



The action of anunonia, or of a concentrated solution of 
potash at 100° C, on diazo-ac^tic esters, offers an interesting 
case of condensation. Under these conditions there is obtained 
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a salt (or an amide) of three times the molecular weight of 
diazo-acetic acid (CHN:N.C(X)H)3, which no doubt has the 
formula: 

CH.CO.OH 




N N 

I 

N 



HO.OC.HC CH.CO.OH 

\ / 

N=N 

The triazo-acid is decomposed by acids with the formation of 
diamide (hydrazine), formic, and carbonic acids: 

(CHN : N.CO.OH) 3 + 6H2O = 3NH2.NH2 + SCOj + 3H.C0.0H. 

On heating, it loses water of crystallization, and then car- 
bonic acid, and is converted into a body having the formula, 
CaHeNa. 

Tertiary amines combine with various chlorinated bodies, 
with the formation of ammonium derivatives: 

(CH3)3N +CH2CI.CH2.OH = (CH3)3(CH2.CH2.0H)N.a. 

Trimethylamine. Glycol ohlorhydrin. Choline chloride. 

If the chlorinated derivative contains several atoms of 
chlorine, sometimes there may be a removal of halogen acid. 
Thus, by the action of glycerine trichlorhydrin on triethylamine, 
there is formed the ammonium compound : 

(C2H5)3(CHCl:CH.CH2)N.a. 

The splitting- off of halogen acid takes place also when 
the halogen is attached to a carbon atom connected with a 
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neighboring atom with a double link, as in the case of the propy- 
lene bromides, 

CHs.CHrCHBr and CHa.CBrrCHg, 

which, with triethylamine, give allylene, CHa.CsCH, and 
triethylamine hydrobromide. 

The halogenated compounds of the secondary and tertiary 
alcohol groups do not combine witH amines, but are decom- 
posed into hydrocarbons and halogen acids. 

The sulphur derivatives of the formula, R2S, combine with 
bromine and iodine compounds: ^ 

(C6H5.CH2)2S +CH3I = (C6H5.CH2)2(CH3)SI. 

The body (C6Hii)(C2H5)S, heated with methyl iodide, does 
not give a compound containing three different groups, but 
(CH3)3SI, the CH3 groups displacing C2H5 and CsHn. The 
same result is obtained if triethyl-sulphine iodide, (C2H6)3SI, is 
heated with methyl iodide; there is obtained trimethyl-sulphine 
iodide,2 (CH3)3SI. 



^ For the valency of sulphur, see Oazz, ehim, Ual,, vol. 18, p. 62. 

' An analogous substitution by the methyl group takes place in the action 
of methyl alcohol on nitrous ester (fkuz, chim, ikU,, vol. 12, p. 435). In some 
cases, on the contrary, the methyl group is displaced by a radical containing 
more carbon atoms: 

In the same manner the ethyl group is displaced by the amyl group in the silioio 
asters: 

Si(OCA)4+2C,Hu.OH-Si<^|3;c^ui +2C^rOH. 
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n. CONDENSATION BY DOUBLE DECOMPOSITION, OR BY 

REMOVAL OF GROUPS. 

A. Fonnation of Ethers and Analogous Bodies. 

(i) '^th the Liberation of a Mineral Acid or of a Salt — 

It is in this manner that ordinary ether is formed when ethyl 
bromide or iodide is heated with water, or alcohol with hydro- 
chloric acid at 240° C. In the former case the alcohol formed 
at first reacts on the halogen compound; and, in the second 
case, the ethyl chloride which is formed reacts on the alcohol. 
Sulphuric acid with alcohol also produces ether (the ordinary 
method of producing this compound) . 

In order to obtain mixed ethers (the tertiary alcohols of the 
aliphatic series do not yield any), very often recourse is had to 
the action of halogen derivatives on the metallic compounds 
of the alcohols (alcoholates and phenates) : 

R.O.Na + R'a = R.O.R' -f NaQ. 

To a solution of sodium alcoholate in alcohol (by dissolving 
sodium in alcohol) there is directly added the theoretical quan- 
tity of the halogen compound, and the reaction is finished by 
heating; or the alcoholate may be isolated by distilling ofiF the 
alcohol, and then it is allowed to react with the halogen com- 
pound. The phenates, obtained by evaporation of an alkaline 
solution of phenol, are treated with the halogen compound or 
with alkyl acid sulphate. 

The simple or mixed ethers can also be prepared by heating 
(in a sealed tube if necessary) together potash, alcohol, and 
the halogen compound.^ 

With the aliphatic alcohols there are often formed unsat- 
urated hydrocarbons as secondary products. 

* To obtain the ethers of phenols the alcohol is added, together with the corre- 
sponding hydiochlorio acid eeter. 
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Compounds rich in hydroxyl groups readily give several 
ethers, principally the neutral ethers. Hydroquinone, on 
boiling with an excess of potash and methyl iodide, gives 
dimethyl ether; glycerin, with propyl iodide and potash, fur- 
nishes C3H6(OC3H7)3. 

In order to substitute only a part of the hydroxyl groups, 
it is necessary to take the theoretical quantities of potash and 
RI or sulphovinate. 

Even when oxycarboxylic acids, oxyaldehydes, and other 
compounds containing the OH group, are heated with potash 
and RI or R.OH, they are converted into the corresponding 
ester. 

Bodies rich in halogen react with several molecules of alcohol- 
ates. Thus, ethylidene bromide, CHa.CHBra, is converted into 
acetal (ether of a dihydrate), and chloroform into orthoformic 
ether (ether of a trihydrate). If the halogen atoms are not 
fixed to one and the same carbon atom, but to neighboring 
atoms, there may be partial or total substitution: 



CH2.CI CH2CI 

+C2H5.0Na= I -fNaa. 

.OC2H5 CH(OC2H6)2 

Chlor-acetfJ. 



CHC1.( 



There may be a simultaneous splitting-off of halogen acid. 
The tribromhydrin of glycerin, by the action of a solution of 
caustic potash in alcohol, gives the ether of propargylic alcohol: 

CHzBr CH 



CH.Br+SKO.CaHs - C +3KBr+2C2H60H. 

CH2.Br CH2.O.C2H5 

Tribromhydrin. Pro|>ar83^ eUier. 

To the reactions above enumerated must be added that 
between a halogen compound, RI in particular, and a metallic 
oxide, M2O. Generally, silver oxide is used; sometimes there 
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may be a removal of hydriodic acid and a replacement of I 
by OH.i 

The true esters are obtained very easily by the action of 
acid chlorides, which readily react with OH groups. The 
chlor-acid chlorides behave iiTthe same manner: 

CH3.CHCI.COCI + C2H5.OH = CH3.CHCI.CO.OC2H5 + Ha. 

In this reaction it is only the chlorine of the CO.Cl group 
which reacts. The chloride of chlor-formic acid (carbonyl 
chloride, COCI2) does not give the same reactions on account of 
its particular constitution; with alcohol in the cold, it gives 
esters of chlor-formic acid, which, by boiling with alcohols, are 
converted into esters of carbonic acid : 

KoAH. +C.H,.OH=CO<g:gH.+Ha. 

The chlorides of the dicarboxylic acids exchange only one of 
their chlorine atoms for OR. 

Compounds containing several OH groups will react with 
several molecules of acid chlorides.^ In the aliphatic series, 
the hydrochloric acid which is liberated can also enter into 



^ By the use of acid chlorides the hydrogen of the hydrozyl group of oximes 
may also be replaced. Thus, acetoxime (CH3)2C:N.OH, with benzoyl chloride, 
gives (CH,)2C:N.O.CO.C0Hs. From the aldozimes may readily be obtained 
the acids of which they consist, through often, in their place, decomposition 
products are formed: 

CeHyCH iNO.CO.CH,- CJElfCN+ CHyCO.OH. 

In the oximes, the hydrogen of the hydrozyl group may easily be replaced 
by an alcoholic radical. If benzaldoxime and CH,I are added to an alcoholic 
solution of caustic soda, there is formed CeH^.CH:NO.CH,. 

' The reaction with the acid chlorides, particularly C0H,.CO.CI, is a means of 
determining the presence of the hydrozyl (OH) group. The product of the 
reaction, freed from excess of benzoyl chloride, is decomposed with standard 
potash, and the ezoess of the latter determined by titration. 
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the reaction and convert OH into CI. Dextrose with acetyl 
•chloride gives an aceto-chlorhydrin : ^ 

C«H70(OH)6 > C«H70(O.C2H30)4a. 

Dextroae. Aoeio-chlorhydrin. 

In certain cases, in order to obtain the esters the acid 
chloride is allowed to act on an alcoholate.^ Thus, the 
€sters of cyanic acid, N^;!.OC2H6, are obtained by the action 
of cyanogen chloride on an alcoholate dissolved in an excess 
of alcohol. 

The esters are also formed by the reaction of the salts of 
the carboxyl acids (and, in the same manner, the thio-acids) 
And their derivatives with halogen compounds.^ Generally, the 
<;hlorine or bromine compound is allowed to react on the alkaline 
salt of the acid, or the iodine derivative on the silver salt. 

The silver salt, moistened with the corresponding acid, is 
gradually heated with RI; a certain quantity of the product 
escapes during the reaction, but this may be avoided by taking 
an excess of silver salt. In certain cases it is necessary to dilute 
the reagents in ether in order to moderate the reaction. 

The anhydrides of the acids are obtained with difficulty by 
the action of acid chlorides on the acids. Thus, the reaction, 

CfiHfi.CO.Cl -f C5H6.CO.OH - C6H5.CO.O.CO.C6H5 -f HQ, 

only takes place by heating in a sealed tube, and even, in any 
case, only about 50 per cent, of the theoretical yield is obtained. 



> See A. Colley, On Orape Sugar, Moscow, 1869 (in Russian). 

'The chlorides of the sulphonio acids, RSO^CI, behave like those of the 
carboxylic acids; with alcohols and the alcoholates they yield the corresponding 
•esters. Sometimes it is sufficient to evaporate the alcoholic solution to obtain 
the ester; but in other cases, a prolonged boiling is required or zinc dust is used, 
as, for example, in the reaction of R.SO2.CI on the phenols. The action of the 
chloride of the sulphonic acids may be moderated (particularly C0H2.SO2.CI] 
\iy dissolving them in ether, or by adding the alcoholate in an excess of alcohol 

' In the same manner are produced the esters of the dihydric alcohols. See 
L Tuttschew, On Gflyeols in Oeneral and on a New Compound, Carvol-dibemoaiet 
8t, Petersburg, 1858 (in Russian). 
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A good method of obtaining the anhydrides is the action 
of dehydrated oxalic acid on acid chlorides, or the action of 
the latter on the salt of the acid.^ 

In place of using the ready-prepared chloride, the dh^ct 
action of phosphorus oxychloride (1 molecule) on the salt of the 
acid (4 molecules) may be used. The reaction takes place in 
two phases: 

2CH3.CO.OM + PQaO = PMO3 + MCI + 2CH3.CO.a, 

2CH3.CO.Cl+2CH3.CO.OM=2MCl-f2CH3.CO.O.CO.CH3. 

The anhydrides of the acids are also obtained by the action 
of the acid chloride on the nitrate of lead or silver, and also 
by the action of carbonyl chloride on the sodium salt of the acid: 

2C2H30.0Na -f COCI2 = (C2H3O) 2O + 2Naa + CO2. 

Sodium aceUfcte. Carbonsrl Aoetio anhydride. 

chloride. 

(2) Formation of Ethers, etc., with Liberation of Water. — 

The direct formation of simple or mixed ethers (oxides of 
the alcoholic radicals), with elimination of water, takes place 
only with difficulty and always incompletely. With ethyl 
alcohol, the ether is obtained by energetic heating with a sul- 
phate or a chloride, although it may be considered that the 
ether is formed through the action of the acid liberated in the 
decomposition of the salt. 

Benzhydrol, (C6H5)2.CH.0H, is readily converted into the 
corresponding ether, [(C6H5)2CH]20; the alcohol of fluorene. 



CeHiv /CeEU' 

I >CH.OH, gives the ether 
C6H4/ 



/C6H4V \ 
, I >CHO, 



by simple fusion; the alcohol of cumene, C6H4(C3H7)CH2.0H, 
containing traces of inorganic substances (one or two drops of 

^ With the chlorides of the polycarboxylic acids there may be a secondary 
reaction on account of the splitting off of water. 
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sulphuric acid, for example), is decomposed on distilling into 
the ether [C6H4(C3H7)CH2]20 and water. (For the ethers of 
the dihydrates, see previous pages.) 

The methods employed in the aliphatic series do not always 
hold with the phenols, and it is necessary to use dehydrating 
agents. Thus phenol, heated with zinc chloride, gives a small 
quantity of the ether (C6H6)20. Resorcin, at 180° C, with 
fimiing hydrochloric acid, gives the corresponding ether of 
resorcin, (C6H4.0H)20. 

The anhydrides of the mono carboxylic acids are obtained 
with difficulty, even by the action of strong dehydrating agents. 
Glacial acetic acid with phosphoric anhydride gives a small 
quantity of acetic anhydride. For its preparation there may 
be employed an iso-nitrile (see page 138). 

The formation of the esters by the use of alcohols and acids 
takes place much better, but the reaction, 

R.CO.OH + R'.OH = R.CO.OR' + H2O, 

is never complete ; as soon as there is an equilibriiun established 
between the decomposition of the acid ester and the water on 
the one hand, and the formation of the ester on the other hand, 
the reaction stops. 

The point of equilibrium depends on the nature of the alcohol 
and ester. It is necessary to use an excess of the reagents and 
to remove the water which is formed at the same time as the 
ester. This is usually accomplished by passing a current of 
dry hydrochloric acid gas through a mixture of the alcohol 
and acid, and heating from time to time. 

The esters of the phenols are formed by the action of phos- 
phorus oxychloride on a mixture of the phenol and acid, there 
being a liberation of hydrochloric acid. 

With polyhydric alcohols, according to circumstances, it is 
possible to replace one or more hydrogen atoms of the OH 
groups. 

The anhydrides of the acids react more readily than the 
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acids with alcohols, even without heating and in the absence 
of dehydrating a^uts; and in the majority of cases the reac- 
tion is complete. They are employed in the preparation of 
esters to replace the acid chlorides when the latter react with 
difficulty or give secondary products. In the case of acetic 
anhydride, its action is increased by the addition of dehydrated 
sodium acetate. 

The acetals (ethers of the dihydrates) are obtained by heat- 
ing aldehydes with alcohols: 

CH3.CHO +2CaH6.0H = CHa.CHCOCzHe) a + HaO. 

The reaction takes place at 100° C, if to a mixture of the 
aldehyde (1 part), and the alcohol {3 parts), there is added glacial 
acetic acid (J part) ; as a secondary product there is formed 
some acetic ester, which is removed by heating in a closed 
vessel with caustic potash; the acetal formed being dehydrated 
mth calcium chloride. A better yield of acetal is obt^ed 
by passing a current of non-inflammable hydrogen phosphide 
into a mixture of alcohol and aldehyde, cooled to 21° C. 

The polyhydric alcohols behave in the same manner with 
aldehydes as the monohyilric alcohols. 

Acetals are generally obtained by the oxidation of the cor- 
responding alcohols.' 

(3) Formation of Esters, etc., with Liberation of Ammonia, 
or Nitrogen.— The amides of certain acid.s can be converted 
into esters with liberation of anunonia by the action of alco- 
hols in the presence of acids. Thus; 

NHa.CHO +C2HS.OH + HCl = CHO.OCaHs + NH^Cl. 

By boiling urea with a large quantity of propyl alcohol, we 
have: 

CO/JJ^^ + C3H7.OH = CO/^^^"' + NH3. 

' By Uio oiiiialioa of a mixture of mothy] and ethyl aloohola, tliera U ob- 
Uined, not the miied ocetel, CHrCH(OCB,)(0(yi,), but a, miiture of methyl 
and elLyl acetals. 
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For the preparation of ortho-esters (ortho-formic ester), 
by the reaction of imide-ethers on alcohols, see page 153. 

The diazo-compounds may be converted into esters under 
eeruun eoadiUo.^.'^Thu,, by daoompc«u« the ■>rom.Uc di..o- 
derivatives with acetic acid, the acetic esters of the phenols are 
obtained: 



^«^\N :N..S04H "^^^^-^^-^^ 



^^^O.CO.CHa ■*■ ^2 + H2SO4. 



The esters of diazo-acetic acid, on boiling with alcohol, give 
the esters of ethyl-glyc9lic acid : 

CH<|| CH2.OC2H6 

I \n +C2H6.0H=| +N2. 

CO.O.C2H6 CO.OC2H6 

B. Preparation of Compounds containing Sulphur. 

Sulphuretted compounds may be obtained by the action of 
chlorine compoimds (or salts of the sulphonic acids) with the 
corresponding mercaptides, RSM ^ : 

ecu +4C2H6.SNa =C(SC2H6)4 +4Naa. 

Sulphuretted compounds containing two similar R groups 
are obtained directly by the action of the chlorine compounds 
on potassium sulphide, K2S. 

The tertiary halogen derivatives, as, for example, tertiary 
iso-butyl iodide (CH3)3C.I, do not form sulphur compounds with 
potassium sulphide, for generally there is a decomposition of 
the halogen compounds. Among the aromatic halogen deriva- 

^ The acid chlorides react with the mercaptans themselves. Thus, C2HS.SH 
heated with acetyl chloride, CHyCO.Cl, liberates hydzoohlorio add aod gives 
the ester of thioacetio add, CH,.CO.S.G,H^ 
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tives there are some in which the halogen is replaced by HS 
by treatment with potassium sulphide. 

Sulphur compounds similar to those of the dihydrates are 
formed by the condensation of aldehydes and ketones with 
mercaptans and thio-glycollic acid. By passing hydrochloric 
acid into a mixture of mercaptan and acetone, there is formed 
Aceto-ethylmercaptol : ^ 

(CH3) 2CO + 2C2H5.SH = (CH3) 2c/|c2hI + ^^0. 

Compounds containing S2 are formed by the action of halogen 
compounds on M2S2; and by the removal of hydrogen from 
mercaptans and thio-acids with the aid of oxidizing agents 
(gaseous oxygen, ferric chloride, chromic and nitric acids, hydro- 
gen peroxide, etc.) ; thus : 

C6H5.S 
C6H5.SH is converted into | . 

C5H.5.S 

The preparation of compounds containing S2, by the action 
of sulphuric acid on mercaptans, takes place according to the 
following equation : 

2C2H6.SH 4- H2SO4 = (CgHs) 2S2 + SO2 4- 2H2O. 

By the action of iodine on C2H5.SNa, the disulphide of 
phenyl, (C6H6)2S2, is formed. 

The sulphones, R.SO2.R, are formed by heating an aromatic 
Bulphonic acid with an aromatic hydrocarbon in the presence 
of a dehydrating agent, such as phosphoric anhydride; they 
Are also obtained by the action of sulphuric anhydride on a 
hydrocarbon, and by the action of sulphochlorides or aromatic 
hydrocarbons in the presence of aluminium chloride. Thus: 

C6H5.S02a + CeHe = SOa^^J^^ + HQ. 

* By oxidizing with potaasium permanganate there is formed a disulphone, 
<CH3),C(SO^C,H9)2, called sulphooal, which has a phydologioal action some- 
'what analogous to chloraL 
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The sulphones are also obtained by the action of halogen 
compounds on the salts of the snlphinic acids : 

CzHs-SOaNa + CaHg.Br = SOa/^^Hs _^ jj^gj. 

For the preparation of sulphones by the oxidation of sulphur 
compounds, see under direct fixation of oxygen. 

C. Formation of Compounds containing Nitrogen. 

(1) Ammonia Derivatives. 

(a) Derivatives formed with Liberation of Halogen Acids or 
other Acids or Salts. — ^The amines react with halogen compounds 
in the same manner as ammonia (see page 93), and are converted 
into secondary amines, and even tertiary amines, with an excess 
of the halogen compound. 

The secondary iodides, in their action on amines, yield hydro- 
carbons together with secondary amines. For example, isopropyl- 
iodide (CH3)2CH.I, with isopropyl-amine (CH3)2CH.NH2, is 
converted into [(CH3)2CH]2.NH and propylene, CHs.CHiCHg. 
In order to separate the substances so formed, the mixture 
is treated with nitrous acid, and, by the nitrosamine thus pro- 
duced, the secondary amine is removed. 

The amido-acids react with chlorine compounds, and, accord- 
ing to the conditions of the reaction, there is a substitution of 
one or two atoms of hydrogen in the NH2 group. By heating 

one molecule of para-amido-benzoic acid, C6H4<(' \A qq qtt, 

with a solution (3 mols.) of caustic soda in alcohol and two 
molecules of methyl iodide, there is obtained dimethyl-para- 

amido-benzoic acid, C6H4<^ / .( CO OH 

Amines with cyanogen chloride give substituted cyanamines. 
The reaction is brought about by passing cyanogen chloride 
into an ethereal solution of the amine : 

CNCl + CeHg-NHj = CeHs.NH.CN + HCl. 
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With an excess of amines a guanidine substitution product is 
formed. 

The acid chlorides react energetically with amido compounds, 
as do also the sulpho-chlorides, R.SO2.CI : 

CH3.SO2.CI + 2C6H6.NH2 = CH3.SO2.NH.C6H6 + C6H6.NH2HCI. 

The substituted amides so formed (for example, the anilides) 
do not present a basic character. 

As to the manner in which the acid chlorides behave with 
ortho-diamines, see page 117. 

Carbonyl chloride, COCI2, with secondary diamines, behaves 
in the same manner as other acid chlorides; there is a substitu- 
tion of H by COCl, and the formation of special chlorides derived 
from urea, which in their turn, when heated with the diamine, 
give substituted derivatives of urea. Thus : 

(C6H5)2NH +C0a2 = (C6H5)2N.C0C1 + HQ. 
(C6H5)2N.COCl + (CeH5)2NH=CO<^J}j^^j^^H^ 

The primary amines of the aromatic series yield disub- 
stituted ureas, which in their turn, when heated a long time 
with carbonyl chloride, give isocyanic esters : 

^^NH cIh5 "^ ^^^2 = 2CeH6.NCO + 2Ha. 

Phenyl-isocyanate, C6H5.NCO, may be obtained in the same 
direct manner by passing carbonyl chloride over the fused chlo- 
ride of, the amine : 

C6H6.NH2.Ha +COCI2 = 2C6H5.NCO + 3Ha. 

In the aliphatic series, the isocyanic esters are obtained by 
the distillation of RI or R.HSO4 with the cyanates. 
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(b) Ammonia Derivatives formed with Liberation of Water. 
-The primary aromatic amines become secondary, and the 
secondary tertiary, when they are heated with alcohols of the 
aliphatic series. Thus : 

C6H5.NH2 + CH3.OH = C6H6.NH.CH3 + H2O. 

The higher alcohols of the aliphatic series, with dehydrating 
agents, give substituted derivatives of the R group in the 
hydrogen of the benzene nucleus. 

The phenols react with the amines when heated to 250- 
300^ C. in the presence of the chlorides of zinc or calcium. The 
diphenols react more readily; for example, resorcin or hydro- 
quinone with aniline react at 300^ C. with dehydrating agents : 

C6H4(OH)2 +C6H5.NH2 =C6H4(0H)NH.C6H6 + H2O. 

With ortho-diamines, pjrrocatechin gives phenazines; for 
example, when heated for some time with ortho-phenylene- 
diamine, it gives the phenazine identical with the azo-phenylene, 
C12H8N2, of Rasenack and Glaus: 

In this case, there is a removal of H2 at the same time as a 
removal of water. 

The a-oxynitriles react easily with amido compounds. 

If the cyanhydrate of methyl-salicyl aldehyde is heated 
with an alcohoUc solution of ammonia to 60-70° C, there is 
at first obtained the nitrile of an amido-acid, which then reacts 
again on the cy anhydrin in excess, as indicated by the following : 



pS TT /OCH3 /OCH3 

'''^\cH<gN+CeH.<;cH<;i 



CN 
NH2 
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The carboxylic acids readily react with amines to form at 
first salts, which by loss of water give substituted amines. 

If an aqueous solution of methylamine and formic acid is 
distilled, there is formed methyl-formamide : 

HCO.OH +CH3.NH2 =HC0.NH.CH3 +H2O. 

Benzyl-acetamide is obtained by heating benzylamine with 
glacial acetic acid; acetaniUde is obtained by a similar process ^ 
(see page 175). By heating equal molecules of acid and amine 
the reaction is not complete, for the water formed causes the 
decomposition of the substituted derivatives of the amine (see 
page 147) ; in order to increase the yield, it is necessary to take 
an excess of acid. In certain cases, the reaction is made more 
complete by heating in sealed tubes, or by the use of dehy- 
drating agents. For example, in order to prepare chlor-acet- 
aniUde, the chlor-acetate of aniline is treated with phosphoric 
anhydride : 

C6H6.NH2.H0.(X!.CH2C1 - H2O = CeHg.NH.CO.CHs.Cl. 

Without this assistance there would probably be formed phenyl- 
glycocoU, CH2(NH.C6H6)CO.OH, with Uberation of hydro- 
chloric acid. 

Diamido compounds react with either one or two molecules 
of acid. 

For the manner in which the ortho-diamines behave with 
acids, see page 117. 

Dicarboxylic acids form two series of derivatives, according 
to the number of molecules taking place in the reaction. By 

^ The substituted derivatives of the amides can be obtained by the action 
of the amines on the esters, alcohol being liberated. The substituted derivatives 
of the aromatic amines (anilides) are formed in some oases by the action of 
phenol on the amine: 

C„,Ht(/9)0H+ CH,.CO.NH,- CH,CO.NH.C,oH7+ H,0. 
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heating aniline with an excess of oxalic acid, the derivatives of 
oxamide are obtained : 

CO.OH CO.NH.C6H6 

I +2C6H5.NH2= I +H2O. 

CO.OH CO.NH.C6H5 

With equal molecules of acid and base, a derivative of oxamic 
acid is formed : 

CO.OH CO.NH.C6H6 

I +C6H5.NH2=| +H2O. 

CO.OH CO.OH 

Some substituted derivatives of the amido-acids at the 
temperature at which they are formed decompose into water 
and a substituted derivative of an imide : 

CH2.CO.NH.C6H6 CH2.COV 



, -H20=i >N.C6H5. 

CH2.CO.OH CH2.CO/ 

The anhydrides of the acids behave in the same manner 
as the acids when treated with amines. They are used when 
the NH2 group is substituted with difficulty in the acid radical, 
or when it is necessary to avoid a long heating, which is neces- 
sary when the acid is used. The reaction with anhydrides can 
be moderated by using a suitable solvent, or it may be increased 
by means of a dehydrating agent, such as fused sodium acetate. 
With amido-phenol, the acid group of the anhydride does not 
only act on the NH2 group, but also on the OH (see page 164). 
For ortho-amido-phenol, see page 117. 

The aldehydes react with one or two molecules of amido 
compoimds, with the Uberation of water and the formation of 
a single or double bond between the carbon and nitrogen. ^ 
Thus benzaldehydes react with aniUne as follows : 

CeHs.CHO + NHg.CeHfi = CeHg.CH : N.CeHg + H2O. 



^ For the action of aldehydes on aromatio amines, see p. 196. 
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Ordinary aldehyde behaves in the same manner with meta- 
amido-benzoic acid, forming : 



r Ti /(I) CO.OH 
^*^\(3) N:CHJ 



(3) N:CH.CH 



3 



There may at first be formed an addition product, R.CH(OH). 
NH.R' (see page 151), which is then decomposed with loss of 
water. 

Ordinary aldehydes react with two molecules of primary 
or secondary amines.^ On mixing one molecule of aldehyde 
with two molecules of aniline, the following reaction takes 
place: 

CH3.CHO -♦-2C6H5.NH2 =CH3.CH(NH.C6H5)2 +H2O. 

The aromatic aldehydes condense with ortho-diamines with 
liberation of 2H2O (2 mols. of aldehyde and 1 mol. of ortho- 
diamine). The compound so formed is not a simple substi- 
tution of the hydrogen of the ammonia by 2R"; it is called 
aldehydine, and is a derivative of the amidines (see page 154) . 
Thus, by the action of benzaldehyde on ortho-phenylene- 
diamine, we obtain benzaldehydine : 

/N-CHj.CeHfi 
C6H4/ \ 

\N=C.C6H5 

In this reaction there is a simultaneous reduction and oxida- 
tion of benzaldehyde. 

Glyoxal, and compounds containing two CO groups in 



*■ The formatioii of such compounds as ammoniA-acrolein and hydrobenzamide 
can be explained by admitting that they are the result of a condensation between 
the aldehyde and the addition products of ammonia: 
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the ortho position (benzil, phenanthraquinone, etc.)* combine 
with ortho-diamines to give quinoxalines: * 



CHO HzNv CH=Nv 

I + >C6H4=| >C6H4 + 2H30. 

CHO HaN^ CH=N/ 



Qwinoxnlinc. 

Bodies containing the CO group react in the same manner as 
aldehydes ^ with bodies containing NH2. The anilides, heated 
with ammes and phosphorus trichloride, give substituted deriva- 
tives of the amidines : 

CH3.CO.NH.C6H5 + C6H5.NH2 = CHa.c/J}^^^* + H2O. 

As the anilide is prepared by the action of the acid on the amine, 
it is possible to obtain the substituted derivatives of the amidines 
by heating together the amine and acid with phosphorus tri- 
chloride. 

Urea condenses (with liberation of water) with various 
compoimds. By heatijag it with isodialuric acid (obtained by 
the conversion of the condensation product of aceto-acetic 

^ Hmsberg {AnnaUn, vol 237, p. 327) reserves the name of quinoxalines to 
compounds which contain the nucleus: 

N 




At the end of a chain of hexagonal nuclei, and giTcs the name of axinM to those 
which contain the same nucleus in the midle of such a chain: 




aix) 



QuinozaUDe. Asine (diphwiaiine). 

* For the condensation of amines with carbohydrates, see W. Sorokine, Adion 
o/ Olueoae an Aniline and Toluidine, Kasan. 1887 (in Russian). 
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ester with urea) and concentrated siilphuric acid, uric acid is 
produced : ^ 

C4H4N2O4 + CO.N2H4 = C6H4N4O3 + 2H2O. 

The formation of uric acid under these conditions leads to the 
following formula for this body : 

NH-C.HNv 

I II yco. 

CO chn/ 



NH-CO 

(c) Ammonia Derivatives formed with Liberation of H2S. — 

Bodies containing the CS group react with amines in the same 
manner as bodies containing CO. Thus, diphenyl-thio-urea in 
alcoholic solution condenses with aniline in the presence of a 
metallic oxide to yield triphenyl-guanidine : 

Cs/S}5p^*+C6H5.NH2-H2S=C^N.C6H6 \ 
--\NH.C6H5 NnHAHs 

Carbon disulphide with aromatic amines gives substituted 
derivatives of thio-urea with liberation of hydrogen sulphide. 
Thus aniline heated with carbon disulphide and alcohol (with 
an inverted condenser) gives 



«a 



H.CeHf 
NH.CeHfi- 



For the action of carbon disulphide on the aliphatic amines, 
see under removal of hydrogen sulphide. 

^Sn^ AnnaUn^ vol 251, p. 235. 
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(d) Ammonia Derivatives formed with Liberation of NH3. — 
The primary amines, on heating, are frequently converted 
into secondary amines : 

R.NH2 + R.NH2 = R2.NH + NHa. 

This reaction is facilitated by adding some substance capable 
of absorbing ammonia, such as calcium chloride or zinc chloride, 
or acids. 

Dianthramine is readily formed by heating anthramine, 
C14H9.NH2; with boiling glacial acetic acid; as a secondary 
product there is formed aceto-anthramine : 

C14H9.NH.CO.CH3. 

The best method of obtaining certain secondary amines is 
to heat the amine with its hydrochloride : 

CeHfi-NHj + C6H5.NH2.HCI = (C6H6)2NH + NH4a. 

In this manner secondary amines may be obtained with different 
radicals, and also secondary acid amides. The reaction between 
an amine and an acid amide takes place readily. If acetamide 
is heated with aniline until ammonia is no longer disengaged, 
acetanilide is obtained in theoretical amount. Urea behaves 
in the same manner; heated with aniline or its hydrochloride, 
it gives phenyl-urea: 

C0/5i^^+CaH5.NH,=C0<^g^^«^»+NH3; 

fused with an excess of meta-amido-benzoic acid, it gives 
nramido-benzoic add : 



<NH2 
NH. 



CeH4.CO.OH. 



X76 



ORGANIC SYNTHESES. 



With an excess of amine, urea gives disubstituted ureas. In 
aome cases the NH group of aniidines react with amines; for 
example : 

CHa.C^gp^g^+CsHs.NHz.HCl-CHa.C./jJ^^^+NH^Cl. 



(2) Derivatives of the Diamines RCNHa) 

DlIMIDES R(NH)2. 



AXD THE 



(a) Substituted Hydrazines. — The hydrazine substitution 
products (symmetrical) are obtained from phenylhydrazine by 
the action of bromine compounds, acid chlorides, acid anhy- 
drides, and acid amides, 

Phenylhydrazine condenses with aldehydes and ketones 
with liberation of water, this being a characteristic reaction 
ior this body. With benzaldehyde, for example, it gives 
CaHs.CHiN.NH.CflHe.i The unsaturat«d aldehydes and ke- 
tones give hydrazine lierivatives, which on distillation lose 
Ha and are converted into pyrazol derivatives. Thus, the 
product of the reaction of acrolein on phenylhydrazine ^ves 
phenylpyrazol : 



N=CH.CH = CHa 
NH.CoHb 



N=CH.CH = CH 



CoHs 



' Glucose, like the aldehydes, rencta in Uio cold with one molecule of phenyl- 
hydrazine with libfiration of water. On heating with phenylhydrftzino, Iwo 
inoleculea enter into reaetion. and a yoUow precipitate ta formed. Tlie reaclloD 
may be represented by the equation: 

C.H„0,+2NHrNaC.H.-C,H„O.(N.NH.C,H,),+2H,0+H, 

It is intereeling to know that, through this compound, Heitrose may be con- 
verted into Iffvulose; on reduction of the liydrsiine dorirative. there ia (ormed 
{■o-glucosamine, C„H,,(NH,)Oc. and thi», by treatment with nitroua acid, is 
completely converted Ij 



} ieevulose. 



CON DENS A TIONS. 1 7 7 

Among the derivatives of pyrazol is found antipyrine (used 
as a febrifuge and analgesic), which is obtained by the 
condensation of aceto-acetic ester with methyl-phenyl-hydra- 
zine (symmetrical) with liberation of water and alcohol, 
C2H5.0H, 

For derivatives of phenylhydrazine, see page 179. 

(b) Diazo-amido Compounds. — On mixing the aqueous or 
alcoholic solutions of a diazo-salt and an amido compound 
there is formed a diazo-amido body: 



N.CeHfi N.CeHfi 

I -♦-2C6H5.NH2- I 

N.O.NO2 N.NH.C6H6 



+C6H5.NH2.HN0a. 



If the diazo-salt and the primary amine contain different 
radicals, there are formed diazo-aiiiides which are identical 
whether R.N:N.C1 reacts on R'NHg or R'N:N.C1 on R.NH2. 
But in the case of secondary amines, under the same condi- 
tions, there will be formed two different isomers. Thus, by the 
action of diazobenzene chloride, CeHs.N : N.Q, on mono-ethyl- 
toluidine, C6H4(CH3)NH.C2H6, a body is formed which shows 
different properties and decomposition products from that 
formed by the action of diazo-toluene chloride, C6H4.(CH3)N: 
N.a, on ethyl-aniline, CeHs.NH.CzHg. 

The formation of diazo-amido derivatives by the action of 
nitrous acid on amido compounds and their salts must be 
regarded as the result of two successive reactions: firstly, the 
formation of a diazo-body, like CeHs.N :N.OH or its salt; and, 
secondly, the action of this body on the amine with liberation 
of water. 

Thus, the diazo-amido compounds are obtained with the 
chlorides of the diazo compounds by the action of NaN02 on 
R.NH2.HCI in neutral solution: but in an alkaline solution 
there is formed only the diazo-amido compound. For example, 
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2C6H6.NH2.Ha + NaNOa + NaOH = 



N.CeHs 



+2NaCl+3H20, 



N.NH.C6H6 

The diazo-amido compounds are also obtained by the action 
of N2O3 on a cooled alcoholic solution of the amine; the diazo- 
amido body, being but slightly soluble, immediately separates 
out. The ethereal solution of the amine may also be treated 
with a nitrous ester. 

In the preparation of the diazo-amido bodies, it is necessary 
to take into consideration the ease with which they pass into 
the isomeric amido-azo compounds. 

(c) Azo Derivatives. — In certain cases, in the reaction of diazo- 
salts on amido compounds, in place of diazo-amido bodies, 
there are directly obtained their isomers, the amido-azo com- 
pounds.^ 

If meta-phenylene-diamine, C6H4<^ \2 jttt^, is added to 

diazo-benzene nitrate, C6H6.N:N.ON02 (action of nitrous acid 
on aniline nitrate, C6H5.NH2.HNO3), there is formed chrysoidine 
nitrate : 

N.CeHg 
N.C6H3(NH2)2HNQ3. 

It is not necessary, in the preparation of these bodies, to 
separate the diazo-salts; they may be obtained by the action 
of nitrous acid on a mixture of the amines. Thus, if a cooled 
alkaline solution of sodium nitrite is gradually added to a mix- 
ture of the hydrochlorides of aniline and dimethylaniline, there 
is formed: 

C6H6.N:N.C6H4.N(CH3)2. 

> For the fonnation of the azo derivatives by direct addition, see p. 15S. 
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In the same manner, by the action of nitrous acid on meta- 
phenylene-diamine, triamido-azo-benzene is formed : 

NH2.C6H^.N:N.C6H3(NH2)2. 

It is probable that there is at first formed NH2.C6H4.N:N.0H, 
which then reacts on another molecule of C6H4(NH2)2. 

The salts of the diazo compomids react readily with phenols 
and their derivatives : 

CeHg-N : N.NO3 + CeHfi.OH = CeHs.N : N.C6H4.OH + HNO3. 

To prepare hydroxy-azobenzene, a solution of 30 gms. of 
potassium nitrite in 4 litres of water is added to a solution of 
20 gms. of phenol in 2 Utres of water. On agitating, there is 
at fiirst formed a yellow precipitate which becomes red. After 
standing for 24 hours, the precipitate is dissolved in anmionia 
in order to separate it from resinous matters. The solution is 
reprecipitated by the addition of acid, and the compound is 
finally crystaUized from boiUng dilute alcohol. 

In the reactions of diazo-salts on phenols and amines, the 
N:N group takes the para-position generally with respect to 
the OH or NH2 group, and the ortho-position when the para 
is occupied. 

The salts of the diazo compounds condense ialso with metal- 
lic derivatives, with nitro compounds of the aUphatic series, 
with esters, and with ketonic acids like ace to-acetic acid; but 
in such cases azo derivatives are not obtained, but derivatives 
of phenyl hydrazine. Thus, with ace to-acetic ester, there is 

H CO.CH3 
formed the ester of a rather stable acid, | | , 

CeHfiNrN^C.CO.OCzHfi 

which only decomposes at 180° C, giving carbonic acid and 
CH3.CO.CH:N.NH.C6H5. 

The azo compounds are obtained by the oxidation of aro- 
matic amido compounds, 4H being removed from two molecules 
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of the amine. Thus, aniline, oxidized with potassium peiv 
manganate, gives azo-benzene : 



CeH6.N 


H2 


CeHfi-N 
-2H2= 


C6H5.N 


H2 


C6H8.N 



Other oxidizing agents may also be employed, such as potas- 
sium ferricyanide in alkalines olution, chromic acid in acetic 
acid solution, hydrogen peroxide,^ or even by passing the 
vapors of the amine over heated lead oxide. 

The oxidation of the disubstituted hydrazines may be 
carried out by agitating their aqueous or alcoholic solution 
with the oxide of mercury or silver, Hg20, or Ag20, or by 
employing ferric chloride. The disubstituted hydrazines are 
easily decomposed: 

(d) Azozy Compounds. — The aromatic nitro compounds, by 
the action of alkaline reducing agents, are converted into azoxy 
compounds by the removal of three molecules of oxygen from 
two molecules of the nitro-body: 

R.Nv 
2R.N02+3H2= I >0+3H20. 

R.N/ 



The nitro-body is treated with an alcoholic solution of 
caustic potash (Zinin's process). In some cases, for example 
with azoxy-benzene, a better result is obtained by using sodium 
methylate dissolved in methyl alcohol. To prepare the azoxy 
bodies, it is convenient to employ sodium amalgam, which is 

1 Baralovsky, On the Axo DerivcUives of Toluenet Kieff, 1878 (in 
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allowed to act on the aqueous or alcoholic solution of the nitro* 
compound. To avoid the formation of an azo-body, produced 
by the oxidation of the hydrazo compound which is at first 
formed, the sodium amalgam is added, a little at a time, and 
in slight excess only, at a temperatiu-e as low as possible. There 
is always formed a small quantity of azo derivative, which is 
removed by treating the product with tin chloride, SnCl2, and 
sulphuric acid. Zinc dust, caustic potash, and stannous oxide 
in alkaline solution, are all good reducing agents, but they 
react too energetically; they are only employed for the prepara- 
tion of hydrazo or azo bodies. 



CHAPTER VIII. 

TYPES OF SYNTHESES. 

I. FIXATION OF CARBON MONOXIDE (CO). 

Carbon monoxide combines with alkalies, and gives salts 
of formic acid; it also combines with alcoholates to give salts 
of the homologues of formic acid: 

CH3.CH2.ONa + CO = CH3.CH2.CO.ONa. 

If, instead of an alcoholate, there is taken its mixture with a 
salt of an acid, there are obtained acids having an increased 
number of carbon atoms. 

Carbon monoxide, at the moment of its formation, combines 
with phenols and their derivatives, the hydrogen of the CH 
group passing into the CHO group. Phenol, in this manner, 
is converted into salicyl aldehyde by the simultaneous action 
of caustic soda and chloroform : 

CeHs.OH + CO = C6H4<^ .g) cjjO' 

In carrying out this reaction, two to three times the theo- 
retical amounts of chloroform and caustic soda are taken; the 
chloroform is added drop by drop to the alkaline solution of 
the phenol slightly heated; by raising the temperature the 
reaction is finally completed. The liquid is then acidulated; 
the excess of phenol is distilled off in a current of steam ; then 
the liquid is filtered to remove resinous matters, and the alde- 
hyde which has been formed is extracted with ether. If it 

182 



TYPES OF SYNTHESES, 183 

distils with steam, it is separated from the phenol by means 
of sodium bisulphite, NaHSOa. Distillation in steam can also 
be used in order to separate the isomers which may be formed; 
ortho-oxy-aldehydes are generally much more volatile than 
para-isomers. 

The reaction of phenols with caustic soda and chloroform 
can be considered as a condensation, with liberation of water, 
of the phenol with the tri-hydrate which is at first formed : 

CHCI3 +3NaOH =CH(0H)3 +3NaCl, 

C6H5.OH + CH(0H)3- C6H4<^^2(Qg^^ + H2O, 

The formation of ketones affords a special case of the fixa- 
tion of carbon monoxide ; for example, the formation of ethyl- 
ketone, C2H6.CO.C2H5, by the action of carbon monoxide on 
sodium ethyl, C2H6.Na. Carbon monoxide, when heated with 
potassium, gives KeCeOe, a potassium salt of hexa-oxybenzene; 
the same product is also obtained as a secondary product in 
the preparation of potassium. With alcohol this compound 
gives the salt of rhodizonic acid, C6(02)(02)(OK)2. 

II. FIXATION OF CARBON DIOXIDE (CO2). 

The fixation of carbon dioxide by hydrocarbons (for instance, 
benzene) only takes place in the presence of aluminium chloride : 

CeHe + CO2 = CeHfi.CO.OH. 

With sodium compounds, however, the reaction takes place 
more easily. Thus, CH3.CH2Na gives the sodium salt of pro- 
pionic acid; NaCsC.CeHsis converted into the salt of phenjd- 
propiolic acid. 
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The formation of benzoates by the action of carbon dioxide 
and sodium on brom-benzene, CeHsBr, is really the fixation 
of CO2 by CeHsNa at the moment of its formation. 

Sodium acetanilide combines with carbonic acid in the cold : 

C&0>.Na+CO,=C^%>N.CO.ONa. 

The product which is formed gives an isomer when heated, the 
anilide of malonic acid being formed : 



C6H5.N<^^^-^^2-^^- 



ONa 



The phenates combine with carbonic acid on heating, and 
are converted into oxy-acids; phenol gives salicylic acid. ^ There 
is at first formed the salt of the acid ester of carbonic add: 



CeH5.0Na+C02-C0/^^^^, 



which afterwards, on heating to 120-130® C, becomes isona- 
erized into sodium salicylate : 



p^/ONa p XT /OH 



ONa- 



The most convenient method of preparing salicylic acid is to 
add Uquid carbonic acid to the absolutely dry phenate enclosed 
in an autoclave; the mixture is heated for several hours at 
120-130° C. 

By heating sodium salicylate in a current of carbon dioxide 
to 200® C, there are formed the salts of dicarboxyl and tricar- 
boxylphenol acids, CeHa.OHCCO.OIDz and CsHz.OHCCO.OKDa. 
Polyhydric phenols will also combine with carbon dioxide when 
heated with an aqueous solution of ammonium carbonate. 
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The sodium compound of oxy-quinoline, heated with liquid 
carbon dioxide, is converted entirely into oxy-quinoline car- 
boxylic acid : 

C9H6(0Na)N +CO2 =C9H5(OH)(CO.ONa)N. 

The formation of oxy-acids by treating phenols with carbon 
tetrachloride, CCI4, and caustic soda, can be considered as the 
fixation of carbon dioxide in the nascent state, or as a con- 
densation of the tetrahydrate of carbon and phenol with loss 
of water : 

CeHsOH + C(0H)4 = C6H4/^^Qg^^ + H2O, 

The reaction is brought about by adding carbon tetrachloride 
and alcohol to a strongly alkaline solution of phenol until 
completely dissolved; the mixture is then heated in a sealed 
tube until sodium chloride is no longer formed. 

The fixation of carbon dioxide can be brought about by 
the substitution of H by CN, which is then saponified; or the 
SO2.OH group may be replaced by CO.OH. 

m. CONDENSATION BY THE TRANSFORMATION OF THE 

CO GROUP INTO C.OH AND COX. 

In the reduction of aldehydes and ketones, two molecules 
combine with the addition of hydrogen to form dihydric alco- 
hols; and the CO group is converted into C.OH. Benzalde- 
hyde behaves in this manner; with zinc and hydrochloric acid 
in alcoholic solution it gives hydrobenzoin: 

CqHs.CH.Oxi 
2C6H6.COH+H2= I 

C6H5.CH.OH 
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The sodium derivative of this glycol can be obtained by the 
action of sodium amalgam on benzaldehyde in the absence of 
water. 

Some aldehydes of the aliphatic series are converted into 
dihydric alcohols by the use of alcoholic soda. Thus, isobutyric 
aldehyde, (CH3)2.CH.CHO, gives a glycol simultaneously with 
isobutyric acid: 

(CH3)2.CH.CH.OH 



(CH3)2.CH.CH.0H 

The reaction may also be carried out by the condensation 
of two different aldehydes. Thus, a mixture of ordinary alde- 
hyde and isobutyric aldehyde with sodium amalgam will give : 

(CH3)2.CH.CH.OH 

I 
CH3.CH.OH 

For the formation of the compound, [(CeH5)2CSH]2, see 
under substitutions. 

The reduction of the CO group to C.OH does not take place 
by the action of free hydrogen, but by the hydrogen of another 
molecule of the same substance. The formation of aldol 
according to Wurtz, by the action of hydrochloric acid on 
aldehyde, is a reaction of this kind : 

CH3.CHO+CH3.CHO=CH3.CH(OH).CH2.CHO. 

AldoL 

The formation of aldol may be considered as a condensation 
of a dihydrate with aldehyde and liberation of water, or as a 
condensation of chlorhydrin, CH3CH(0H)C1, with aldehyde and 
liberation of hydrochloric acid: 

CH3.CH/^g + HCH2.CHO = CH3.CH(0H) .CH2.CHO + H2O. 
CH3.CH(0H)C1 + HCH2.CHO » CH3.CH(0H) .CH2.CHO + HCl. 
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A 1 per cent, solution of caustic soda on a solution of ortho- 
nitrobenzaldehyde in acetone, gives rise to a reaction which 
may be expressed as follows : 



C6H4^/2\ QjjQ+CHa.CO.CHj 



^^^\(2) CH(0H).CH2.C0.CH3- 



In the aromatic series the condensation of aldehydes takes 
place a Uttle differently; that is to say, the CO group of the 
aldehyde radical is converted into C.OH at the expense of the 
hydrogen of the other CHO group. It is in this manner that 
benzaldehyde is converted into benzoin by the action of a 
dilute alcoholic solution of potassium cyanide : 

CeHs.CO 
CeHfi-CHO + CeHs-CHO = | 

CeH5.CH.OH 

The conversion of the CO group into C.OH is also brought 
about by the union of hydrocyanic acid with aldehydes and 
ketones: 

CH3.CHO + HCN = CH3.CH<^^^ • 

This reaction is carried out by leaving the aldehyde in contact 
with the theoretical quantity of hydrocyanic acid (25 per cent, 
aqueous solution) at the ordinary temperature, or by slightly 
heating. The acid reacts more readily in the nascent condition; 
to obtain this condition, the aldehyde or ketone in ethereal solu- 
tion is mixed with the theoretical quantity of moist potassium 
cyanide, after which there is added drop by drop the calculated 
amount of a concentrated mineral acid. 

In certain cases, the cyanhydrins of dihydrates ^ which are 

. d. 

* The anhydrides of the glycols also combine with hydrocjranic acid to form 
cyanhjrdrins. Through the intervention of the cyanhydrins it is possible to 

replace the CO group of aldehydes and ketones by the group (K qq OH' 
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formed (as, for example, acetone cyanhydrin) readily condense 
with splitting-oflf of hydrocyanic acid : 

(CH3)2.C.OH 

2(CH3)2C<^CN "^^^ ^ /°- 

(CH3)2.C.CN 

A series of synthetic methods is based on the transformation 
of the CO group into COX, brought about by the action of 
metallo-organic compounds on aldehydes, ketones, etc. The 
aldehydes at first give condensation products : 

R.CHO + ZnR'2 = RCH^^^nR'' 

which subsequently, on decomposition with water, replace the 
OZnR' group with OH and form secondary alcohols : 



CH3.CH/Q2^^f,^jj^ +2H.0H 



r/C2H 



= CH3.CH<^^g'« + Zn(OH) 2 + CaHe. 



Formaldehyde, with organic compounds of zinc, gives primary 
alcohols. 

The reaction takes place well only with zinc-ethyl or zinc- 
methyl; with the higher homologues, ZnRa, there occurs at the 
same time a reduction of the aldehyde to the corresponding 
alcohol. 

The halogen substituted compounds of the aldehydes only 
react well with zinc-ethyl; with the homologues of the latter, 
there is simply a reduction of the aldehyde. 

The general method of obtaining secondary alcohols (Wag- 
ner's method) is by the action of water on the condensation 
products of aldehydes with organo-metallic compounds. 
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The action of formic and acetic esters on organo-metallic 
compounds can be considered in two phases: there is at first 
formed aldehyde, which then reacts with another molecule of 
the organo-metaUic compound. Thus, the preparation of iso- 
propyl alcohol, according to the general method of Zaytzeflf for 
the making of secondary alcohols, can be expressed by the fol- 
lowing equations, which represent the action of ethyl formate 
on zinc-methyl : 



CHO CH3 
OCH3 Zn.CHa 



= CHa.CHO + CH3.OZn.CH3. 



CH3.CHO + (CH3)2Zn = CH3.CH<^^^3^ (.jj^. 

CH3.Ch/^^^ (.jj^ +2H20=CH3.CH<^^^3+CH4+Zn(OH)2. 

The ketones behave in exactly the same manner as alde- 
hydes, not only with organo-metallic compounds, but also with 
Zn and RI; condensation products are obtained which are 
decomposed with water with formation of tertiary alcohols. 
This is a general method appUed by Zaytzeflf for the prepara- 
tion of imsaturated tertiary alcohols.^ Thus acetone, by treat- 
ment with zinc and allyl iodide, followed by water, gives allyl- 
dimethyl-carbinol : 

(CH3)2C0+C3H5l+Zn=(CH3)2C<^Q'^|- 
(CH3)2C<^^'2^ + H2O = (CH3)2C<(^'h ^ 

The preparation of tertiary alcohols by Butleroflf's method 
(action of organo-metallic compounds on acid chlorides) can 
be considered as the result of a reaction between the organo- 

^ With the exception of ketones containing the CH, group, as these form 
condensation products. 



190 ORGANIC SYNTHESES. 

metallic compound and a ketone at first formed ; but it is more 
probable that it is simply a replacement of chlorine by R in 
the condensation product formed in the first place : * 

R.CO.Cl + ZnR'2 = R.C^OZnR'. 

\R' 

To prepare the tertiary alcohols by allowing R.CO.Cl to act 
on ZnR'2, it is necessary to cool the compound which is at first 
formed before decomposing it with water ; otherwise but a very 
small yield of alcohol will be obtained. The reaction with ZnR^ 
proceeds slowly, and, if the product of the reaction is immediately 
decomposed with water, only a ketone will be obtained. 

With zinc-propyl and acetyl-chloride, CHa.CO.Cl, the 

product which is formed, CHs.C^OZnCsHr, is decomposed by 

\C1 

water with the formation of a secondary alcohol. The prepara- 
tion of oxy-carboxylic acids, by the action of RI and zinc on 
oxalic ester, can be considered as a transformation of the CO 
group. For example, the preparation of dimethyl-glyoxalic 
acid may be represented as follows: 

IZnO CH3 

\/ 
CO.OC2H5 C.OC2H6 GO.CH3 /y 

I +CH3l + Zn=| =1 +Zn<ip^; 

CO.OC2H5 CO.OC2H5 CO.OC2H5 \^2n6 

CO.CH3 yCH3 

I +CH8l+Zn=C^CH3 . 

CO.OC2H5 I \OZnI 

CO.OC2H5 

The zinc derivative, by the action of water, splits ofif OZnl for 
OH. 

^ p. Menchtohikoff, On the Reaction of Zinc Ethyl on Bulyrone, Kazan, 1887 
(in Russian}. 
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IV. CONDENSATION WITH LOSS OF WATER. 

It is probable thatj in the majority of eases, the liberation of 
water is only a second phase of condensations, and the compound 
at first formed is after the type of an aldol. In fact, if ordinary 
aldehyde is heated to 100® C. with dehydrating agents, such 
as a concentrated solution of sodium acetate, the aldol, which 
is at first formed by the loss of water, is converted into crotonie 
aldehyde, CHs.CHiCH.CHO. (Enanthol behaves in the same 
manner on treatment with alcoholic potash or a small quantity 
of zinc chloride. 

Acetic acid condenses with benzaldehyde to give cinnamic 
acid, CeHs.CHiCH.CO.OH; it may be assumed that this acid 
is derived from phenyl-lactic acid, C6H6.CH2.CH(OH).CO.OH, 
otherwise known as tropic acid.^ 

In certain cases, the condensation takes place readily, even 
without dehydrating agents. Thus, chlor-aldehyde, heated 
alone, condenses to a-;'-dichlor-crotonic aldehyde : 

2(CH2C1.CH0)=CH2C1.CH:CC1.CH0+H20. 

Two different aldehydes can condense in the same manner. 
With ordinary aldehyde and benzaldehyde, there is formed the 
aldehyde, CeHs.CHiCH.CHO. This reaction is carried out by 
saturating the mixed aldehydes with hydrochloric acid gas and 
heating, or even by leaving the mixed aldehydes for 8 to 10 
hours at 30® C. with a dilute solution of caustic soda. 

It is probable that in these condensations the CO group of 
one molecule always reacts with that carbon group attached 
to the CO group in the other molecule. 

* With Perkin's reaotion it is possible to prepare an acetyl derivative of phenyl- 
acetic acid, CfiyCEL{Cfifi)CKfCOORi but this oompotind decomposes at 
the temperature at which the reaction takes place into acetic and cinnamic acids. 
An acetyl derivative is apparently obtained by heating benzaldehyde with an 
iso-butyrate and acetic anhydride. This compound, CeH,.CH(C^,0).(CH,)y 
COOH is not decomposed with the formation of acetic add. 
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Ketones condense in the same manner as aldehydes. Ace- 
tone gives mesityi oxide, phorone, and mesitylene. There is 
also formed between the acetone and mesityi oxide an inter- 
mediate compound analogous to aldol: (CH3)i.C(OH),CH2,CO. 
CH3. This, with concentrated sulphuric acid, is decomposed 
into water and mesityi oxide: (CHalaCiCH.CO.CHa. 

In condensations between ketones and aldehydes {but only 
those of the aromatic series), the oxygen of the aldehyde is 
eliminated in the form of water. Acetone and bcuzaldehyde, 
for instance, give benzylidene acetone; then another molecule 
of aldehyde reacts to form dibenzylidene acetone; 









The ketophenone, containing but one CH3 group, only 
reacts with one moleculee of benzaldehyde to form CeHsCH : 
CH.CO.CeH5. The condensation takes place in a closed vessel; 
the mixtm^, well cooled and saturated with hyilrochloric acid 
gas (or the alcoholic or aqueous solution of the substances to 
be condensed, with the addition of a little caustic soda), is 
allowed to stand for some days; it is then extracted with ether. 

The synthesis of unsaturated acids is carried out by the 
reaction of Bertagnini and by that of Perkin, which is a modi- 
fication of the former. Bertagnini has succeeded in synthesizing 
cinnamic (phenyl-acrylic) acid by heating benzaldehyde with 
acetyl chloride: 

CBH5.CHO + CH3.CO.Cl=CeHBCH:CH.CO.OH+HCl. 



Perkin has effected the same synthesis by an analogous proce- 
dure, which he has appUed to the preparation of a number of 
unsaturated acids. He allows the aldehyde to react on the 
acid in the presence of dehydrating agents, taking generally the 
sodium salt of the acid and using acetic anhydride as the con- 
densing agent, or, which b better still, the anhydride of the 
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acid used. This reaction takes place with aldehydes of both the 
aUphatic and aromatic series and their derivatives. Thus, 
cuminic aldehyde, with sodium acetate, gives cuminyl-acrylic 
acid: 



c<A<(! 



CH.(CH3)2 
CH :CH.CO.OH' 



The phenol aldehydes, like salicyl-aldehyde, ^ve unsaturated 
oxy-acids or their lactones. Thus, salicyl-aldehyde with acetic 
acid gives coumarin, the lactone of coumaric acid. In this 
reaction, according to Grimaux, there is formed an intermediate 
body of the aldol type, which loses the elements of water at 
the moment of its formation : 

<H0 CH3 /CH,(OH)v 
+ 1 =C6HZ VH2+H2O; 

H CO.OH X) CCK 

Intennediate body. 

Coumarin. 

This reaction is carried out by heating 1 part aldehyde, 1 
part dehydrated sodium acetate, and li parts acetic anhydride 
for 8 to 12 hours on an oil-bath at 150-160® C, using an inverted 
condenser. The product of the reaction is dissolved in a dilute 
alkaline solution; the imattacked aldehyde is removed by 
ether. The coumarin is precipitated from its alkaline solution 
by addition of hydrochloric acid, and is crystallized from benzene. 

Aldehydes and ketones also condense with dicarboxylic 
acids. Thus: 

CH3.CHO +CH2.(C0.0H)2 - H2O =CH3.CH :C.(C0.0H)2. 

Ethylidene malonic acid. 

The reaction is carried out by satm-ating the cooled mixture of 
aldehyde and acid with hydrochloric acid gas, or by heating the 
mixture in a sealed tube with acetic anhydride or glacial acetic 
acid. Secondary products are obtained; in the above example, 
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for instance^ some crotonic acid is formed by reason of the 
splitting-off of carbon dioxide. 

Succinic acid, in condensing, also gives rise to intermediate 
compounds of the aldol type, but only in the form of the sodiimi 
salt. With benzaldehyde, the salt of the following oxy-acid is 
formed : 

C6H5.CH(0H) .CH.CO.OH 



CH2.CO.OH 



This acid, on treatment with acetic acid, immediately decom- 
poses with the formation of a lactone : 



CO.OH 

I 
CeH6.CH.CH.CH2.CO, 

-0—1 



The anhydrides of the dicarboxylic acids (for example, 
phthalic anhydride) behave in the same manner as aldehydes. 
Heated with sodium acetate and acetic anhydride, it gives 
phthalyl-acetic acid, which does not have a symmetrical formula 
as usually believed; it may be represented by 

/C= CH.CO.OH 

which, in fact, is a phthalide derivative. The compound 
obtained by the action of phthalic anhydride on succinic acid, 

CH2.CO.OH 




CH.CO.OH 
CH2.CO.OH /C.OH 



C6H4< >0+| -C«H^ \ 

CH2.CO.OH ^X)0/0, 
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is immediately decomposed with loss of water and carbon 
dioxide to form a double lactone : 




There also exist other synthetic methods, in which the for- 
mation of compoimds belonging to the aldol type play an 
important rdle. The preparation of coimiarin, by heating 
phenol with malic acid, can be explained by admitting the 
formation of the aldehyde of malonic acid with liberation of 
formic acid : 

CO.OH H H.CO.OH 



CH.OH +0H-H20=CH0 
CH2.CO.OH CH2.CO.OH 

this aldehyde immediately combines with phenol, and the pro- 
duct so formed is decomposed into water and coumarin: 

CH(OH) .C6H4.OH CH.C6H4V 

I ' -2H2O-II >0. 

CH2.CO.OH CH.CO-/ 

Benzaldehyde also condenses with benzyl cyanide in the 
presence of sodium alcoholate : 

CeHs CeHs CeHs C0H5 

I +1 -HaOH I . 

CHO CH2.CN CH=C.CN 

It is not impossible, in the synthesis of hydrocarbons, by 
the aid of dehydrating agents, to obtain aromatic aldehydes 
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and hydrocarbons with formation of compounds of the aldol 
type, which further react to give more complicated bodies* 
The formation of diphenyl-ethane, for example, from aldehyde 
and benzene may be expressed by the following equations : 

CH3.CHO + CfiHe = CH3.CH(0H) .CeHs; 
CH3.CH(0H).C6H5-hC6H6=CH3.CH(C6H5)2+H20. 

A solution of aldehyde is heated with a large quantity of 
concentrated sulphuric acid, and the theoretical quantity of 
benzene is added; then, after some hours' standing, the hydro- 
carbon is removed with water. It is better to use the acetals 
than the aldehydes themselves. 

Aldehydes also condense with different derivatives of aro- 
matic hydrocarbons. Thus, if a well-cooled mixture of aldehyde 
and phenol is added drop by drop to tin chloride, the following 
reaction takes place : 

CH3.CHO -f 2C6H5.OH = CH3.CH(C6H4.0H)2 + H2O. 

Benzaldeyde, heated with aniline hydrochloride in the 
presence of zinc chloride, condenses as follows : 

CfiHs-CHO + 2C6H5.NH2.HCl 

= C6H5.CH(C6H4.NH2.Ha)2 +H2O.' 

Phthalic anhydride condenses with phenols in the same 
manner as aldehydes and ketones in the presence of dehydrat- 
ing agents : 

Qf\ p/(C6H4.0H)2 

C6H4/ '^0+2C6H5.0H=C6H4<^"N0 +H2O. 

^ The hypothesis that compounds of the aldol type are at first obtained is 
confirmed by the fact that benzaldehyde with dimethylaniline, in the presence 
of a mineral acid, reacts according to the following equation, giving a derivative 
of benzhydrol: 

CeHrCH04- CeH,.N(CH,),- CeHrCH(OH).C^^N(CH,)^ 
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The reaction, however, may be different; thus, if phenol is 
added to a heated mixture of phthalic anhydride and sulphuric 
acid, hydroxy-benzoyl-benzoic acid * is formed, which then, by 
loss of water, forms hydroxy-anthraquinone : 

/COv yCO.C6H4.OH 

C6H4C >0 + CoHfi.OH = C6H4< 

XIO^ ^CO.OH 

/CO.C6H4.OH yCOv 

C6H4< -H20=C6H4< >CeH3.0H. 

XiO.OH XJO^ 

The aromatic compounds also condense (with loss of water) 
with different alcohols of the aliphatic and aromatic series. 
Benzene with benzhydrol gives triphenylmethane.^ The reac- 
tion only takes place in the presence of dehydrating agents. 
Usually, a mixture of the reacting bodies with P2O6, ZnCl2, or 
H2SO4, is heated. Thus, nitro-benzyl alcohol condenses with 
benzene by simply shaking with concentrated sulphuric acid, 
to give: 

p jr /(I) NO2 
^^\(3) CH2.CeH5- 

In the same manner, by heating to 250-300® C, a mixture 
of aniline (and its homologues, or their salts) with ordinary 
alcohol (or its homologues) in the presence of zinc chloride or 
phosphoric anhydride, there is a condensation with loss of 
water: 

C6H5.NH2+C2H5.0H=C6H4<^jJj NHa'"^^'^- 



^ A similar reaction ocean in the action of anhydrides in the presence of alu- 
minium chloride. If a small amount of aluminium chloride is added to a hot 
solution of succinic anhydride in benzene* there is obtained: 

CHy(Xk^ CHyOO.CA 

CHyCCK^ CH^CO.OH 

* Hemilian, On Some Homologues and Iwmerides 0/ Trtphenf^mtihane, St. 
Petersburg, 1886 (in Russian). 
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As a secondary product, there is sometimes obtained a 
secondary base. 

It is interesting to note the formation of a-naphthylamine 
(from the condensation of aniline with furfuran) by heating 
P3rromucic acid, aniline, and zinc chloride : 

yCH=CH >CH=CH 

C6H5.NH2+O/ I =CeH3(NH2)< I +H2O. 

x;h=ch \ch=ch 

Furfuran. a-NaphthsHbmizke. 

Aromatic compounds also condense with various acids. By 
heating acids or their anhydrides with hydrocarbons in a sealed 
tube, together with phosphoric anhydride, ketones are produced: 

CeHe + CeHs.CO.OH — H2O = CeHs.CO.CeHf. 

Phenols react more easily than hydrocarbons; dioxy-aceto- 
phenone is obtained by heating to 150^ C. glacial acetic acid 
with resorcin and zinc chloride : 

C6H4/JJJ ^l^+CHs.CO.OH^CHa.CO.CeHa/jJj OH^^^^- 

By heating aniline with acetic anhydride and zinc chloride, 
the acetyl group enters the benzene nucleus and also the NH2 
group, and there is formed the compound, CH3.CO.C6H4.NH. 
CO.CH3, which, on saponification with acids, gives amido-ace- 
tophenone, CH3.CO.C6H4.NH2. 

The ammonia-aldehydes, R.CH^ jttt , readily condense 

with different compounds with elimination of water. With a 
concentrated aqueous solution of hydrocyanic acid, they form 

nitriles of the a-amido-carboxylic acids, R.CH<' ^^f • With 

ace to-acetic ester they give hydropyridine derivatives: thus, 
aldehyde-ammonia with aceto-acetic ester gives the ester of 
hydrocollidine-dicarboxylic acid : * 

^ N. LdubaTine, The Pyridine Compounds, Moscow, 1887 (in Russian). 
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CO.CH3 ymr 

21 +CH3.CH<;iiS -3H2O 

CH2.CO.O.C2H5 \^^^ 

= C6H2N(CH3)3(C0.0.C2H5)2. 

The fonnation of the ester of aceto-acetic acid and its ana- 
logues can also be considered as a condensation with elimina- 
tion of water: 

CH3.CO.OH + CH3.CO.OH - H2O = CH3.CO.CH2.CO.OH. 

This condensation is produced, with elimination of alcohol, 
by the action of sodium on ethyl acetate. The other esters 
behave m a similar manner. 

Two different acids may also be condensed; this is brought 
about by treating a mixture of the two esters with sodium or 
sodium alcoholate. For example, by using an ethereal solution 
of ethyl oxalate and acetate, there is obtained, by the action 
of sodium ethylate, C2H5,ONa, a sodium salt of aceto-oxalic 
ester: 

CO.OC2H6 

I + CH3.CO.OC2H5 + C2H5.0Na = 

CO.OC2H5 

CO.OC2H5 

I -f2C2H5.0H. 

C0.CH(Na).C0.0C2H5 

With a mixture of ethyl oxalate and succinate, there is formed 
an ester of succinyl-oxalic acid, a tribasic acid: 



co.< 



CO.OC2H6 CH2.CO.OC2H6 

+ 1 +C2Ha.0Na= 

.OC2H5 CH2.CO.OC2H5 

CO.OC2H5CH2.CO.OC2H5 

I I +2C2H8.OH. 

CO C(Na) .CO.OCsH, 
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In the aromatic series, benzoyl-benzoic acid offers a case 
anaJogoua to that of aceto-acetic acid. The hydroxy-benzoic 
acids also condense directly by the action of sulphuric acid; 
only, in the case of ketonic acids, there are formed closed-chain 
compounds, such as the hydroxy-anthraquinones. 

The condensation of acids of the aromatic series with those 
of the aliphatic series can be brought about by means of the 
diazo-bodics. The ester of diazo-acetic acitl, on heating with 
benzaldehyde and toluene, giyes nitrogen, Nz, and the ester o£ 
benzoyl-acetic acid: 

CH.C0.0H-l-CaHj.CH0=CflH6.C0.CHa.C0.0H + Nj. 



llNcH 



V. CONDENSATION WITH LOSS OF HALOGEN ACID, OF 
A METALLOID, OR OF A SALT. 

The halogen compounds of the ahphatic series, and those 
of the aromatic series containing a halogen atom in the side- 
chain, react with hydrocarbons, with liberation of a halogen 
acid: 

C„Ha„+C„H2„+iI-HI = CnH2„+i(C„H2„+i). 

The reaction is brought about by heating the hydrocarbon and 
haUde with oxides of zinc, magnesium, and calcium. The 
aromatic hydrocarbons readily combine with halogen deriva- 
tives in the presence of zinc dust, or, better, in the presence of 
aluminium chloride or bromide: ' 

CaHfl + 2CH3CI-2HCl = C6H4(CH3)3. 

Thifl reaction takes place with such regularity that different 
isomers can be obtained at will. With aluminium chloride the 
principal derivatives are mela, with zinc dust para and ortho. 

If the halogen compound is gaseous, like methyl chloride, 
it is passed info the heated hydrocarbon to which aiuminiimi 

' The chlandeB of iron and zinc art in tho Bamc maoDer. 
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chloride has been added; if it is liquid, it is mixed with the hydro- 
carbon, and the metaUic chloride is added little by little until the 
halogen acid is no longer liberated. 

When the reaction is finished, the product is washed with 
water and then fractionated, for there is always obtained a 
mixture of several hydrocarbons. Thus, benzene, treated with 
methyl chloride besides methyl-benzene, CeHs.CHa, also gives 
a whole series of methyl-benzenes up to the hexa compound, 
C6(CH3)6, inclusively. This process is never complete, as hy 
the action of the aluminimn chloride a reverse reaction caa 
take place : 

CeHs.CHs 4- HCl = CeHe 4- CH3CI. 

Zinc chloride acts much more slowly than alimiinium chlor- 
ide ; nevertheless, in certain cases, it is preferable (for example, 
with naphthalene and benzyl chloride, C6H6.CH2.CI), for then 
less secondary products are obtained. Metallic zinc only reacts 
by being converted into zinc chloride at the expense of the 
chlorine compound. 

In place of chlorine derivatives, the bromine or iodine 
compoimds may also be used. With the latter it is necessary 
to heat in a sealed tube with a small quantity of iodine. 

Normal propyl bromide, CH3.CH2.CH2.Br, on condensing 
with benzene imder the influence of aluminium bromide, gives 
isopropyl-benzene, (CH3)2.CH.C6H6, for by the action of alumin- 
ium bromide alone this same bromide is converted into isopropyl 
bromide. Allyl chloride, CH2:CH.CH2.C1, with benzene and 
alimiinium chloride, does not give allyl-benzene, but diphenyl- 
propane (C6H6)2.C3H6.i 

' There is consequently a substitution of chlorine by C^H^ and a fixation of 
CqHq. An analogous case presents itself in the action of ethylene on benzene 
in the presence of aluminium chloride, this even being a good method for the 
preparation of ethyl benzene: 

This reaction may be explained by admitting that the C^^ is first oonyerted 
into CjHjCl, which then reacts with C^H^ 

According to Friedel and Crafts, in syntheses with the aid of aluminium chlo> 
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Aromatic acids containing a halogen in the side-chain also 
condense with the aromatic hydrocarbons in the presence of 
the halogen salts of aluminium: 

C6H6.CH.(Br.)C0.0H-hC6H6=HBr+(C6H6)2.CH.C0.0H. 

Bodies containing several halogen atoms behave in the 
same manner with hydrocarbons in the presence of aluminium 
chloride as monohalogen derivatives. Chloroform with AI2CI6 
reacts with SCeHe to give triphenylme thane, CH(CeH6)3. This 
process, in fact, is used for the preparation of the latter body; 
as a secondary product, diphenylme thane, CH2(C6H6)2, is 
formed. 

With carbon tetrachloride and benzene, in the presence of 
aluminium chloride, CI4 is not replaced by (C6H5)4, as would 
at first be thought; only 3C1 are replaced, and CC1(C6H5)3, 
triphenyl-chlor-methane, is formed. Acetylene tetrabromide 
with benzene and aluminium chloride gives anthracene and a 
small quantity of triphenylethane and brom-benzene : ^ 

CH.Bra 

I +2C6H6=4HBr+C6] 

CH.Br2 



/CHv 
\RaC I yC6H4. 



ride there is formed an organo- metallic compound (which they have not been 
able to isolate, however) between Al^Cl^ and the benzene (or other hydrocarbon), 
with liberation of hydrochloric acid: 

C.H,. A1,C1,= A1,C1.+ C,H,-HCL. 

This compound then reacts with halogen derivatives, regenerating Al^Cl^. Accord- 
ing to Gustavsonn, however, by the action of Al^Cl^ on aromatic hydrocarbons, 
condensation products are formed, as, for example, Aij^^^fi^ During their 
formation there would be considerable heat liberated which would account for 
their strongly increased reactivity. 

^ An interesting formation of derivatives of triphenylethane is in the con- 
densation of phenols with the dichlor-esters. If the phenol is intimately mixed 
with the dichlor-ester, the mixture heats up, a brisk reaction takes place, with 
liberation of hydrochloric acid and ethyl chloride. With an excess of phenol 
a reddish-colored resinous substance is obtained soluble in alkalies. The re* 
ftction may be thus expressed: 

CH-a CH-CeH^OH 

I -h3C^,.0H-.| -♦-2Ha4-cja,OH. 

CHa.OC,Ha CH (C.H.OH ), 



Diohior-wter. PhenoL Trihydroxy- 

triphensdethane. 
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Phenols, in the presence of zinc dust or zinc chloride, react 
like hydrocarbons with the halogen compounds : 

CeH5.CH2Cl + CeHs.OH = C6H5.CH2.C6H4.OH 4- HCl. 

Phenol with carbon tetrachloride and a small quantity of zinc 
chloride gives aurine : 

<C6H4 
I -f4HCl. 


The halogen compoimds condense very readily with tertiary 
amines: 

CH2l2+2C6H6.N(CH3)2=CH2^Q KL NCCH ^ "^2B[I. 

This reaction is carried out on a water-bath without any con- 
densing agent. 

The acid chlorides of both the aliphatic and aromatic series 
condense with hydrocarbons (in the presence of aluminium 
and zinc chlorides) to form ketones: 

Celis.CO.Cl H-CioHg =CeH5.CO.CioH7 +HC1. 

Two molecules of the acid chloride and one molecule of the 
hydrocarbon may also take part in the reaction : 

2C6H5.CO.Cl + C6H2(CH3)4 = C6(CH3)4<^^^;^Jg J + 2HC1. 

Chlorides of dicarboxylic acids react with either one or two 
molecules of the hydrocarbon; thus, the chloride of isophthalic 
acid with one molecule of benzene gives: 



Q^/0) CO.CeHfi. 



(3) CO.Cl 
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while with two it gives isophthalophenone : 



C6H4^ 



(1) CO.CeHs 
(3) CO.CeHs* 



Phthalyl chloride with benzene, in the presence of aluminium 
chloride, gives phthalophenone : 

C (CeH5)2 
C6H4/ _>0. 

The preparation of the above ketones is carried out by gradu- 
ally adding aluminium chloride to a mixture of the acid chloride 
and the hydrocarbon imtil there is no further Uberation of 
hydrochloric acid. 

Carbonyl chloride, in the presence of aluminium chloride, 
reacts with hydrocarbons in the same manner as the acid chlor- 
ides. With benzene it gives benzoyl chloride : 

C0.a2 + CeHe = CeHs.CO.Cl + HQ. 

But, as benzoyl chloride reacts in turn on benzene, the final 
product is benzophenone : 

C0M5.CO.C6H5. 

Dimethyl-aniline, at 50° C, reacts with carbonyl chloride to 
give dimethyl-amido-benzoic acid, or, rather, its chloride : 

C6H5.N(CH3)2+C0C1.=C6H4<(^[P) p^^^^^ 

The chlorine derivatives of the substituted carbamic acids, 
Cl.CO.NHR, with the aromatic hydrocarbons, (for example, tolu- 
ene, CeHs.CHa) give the substituted amides of the aromatic acids: 

p XT /(I) CH3 

^6^\(4) CO.NHR. 
, This is one of the methods of synthesizing the aromatic acids. 
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Cyanogen chloride, in the presence of aluminium chloride, 
reacts with benzene to give benzo-nitrile, CeHs.CN. 

The reaction of the aliphatic acid chlorides with aluminium 
chloride is of interest.* Thus, acetyl chloride, diluted with 
chloroform, reacts with aluminium chloride at 40-45° C, Ub- 
erating a large amount of hydrochloric acid gas, and forming 
a white crystalline substance having a composition of C12H14 
OeAl2Cl8, the formation of which may be expressed by the 
equation : 

6(C2H30a) +Al2Cl6 = 4HCl+C2lHi406Al2Cl8. 

This organo-metaUic compoimd is decomposed with alcohol 
into diaceto-acetic acid ester: 



CH3 
CH3 



PO /CIH.CO2.C2H5. 



Benzyl cyanide, CeH6.CH2.CN, easily replaces the hydrogen 
in the CH2 group in the presence of halogen compounds. Thus, 
by the action of benzyl chloride, C6H6.CH2CI, and sodium alco- 
holate, with benzyl cyanide, there is obtained the compoimd: 



CeH 
C6H5.CH2 



^^^•\CH.CN. 



By gently heating a mixture of benzyl cyanide, sodium, and 
methyl iodide, there is produced the nitrile of hydro-atropic 
acid: 

^^*\CH.CN. 

The metallic cyanides (KCN, NaCN, ferrocyanides, etc.) react 
with the halogen compoimds of the aliphatic series and with 
alkyl acid sulphates, forming nitriles. The reaction is ordinarily 
brought about by a prolonged boiling of the solution of halogen 

^ See Jour. Soe, Phya, Chim, Buase, toL 20, p. 81. 
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compound and cyanide in dilute alcohol. The nitriles are 
isolated and purified by distillation; often they are not isolated, 
but by saponification are converted directly into carboxylic 
acids. The tertiary halogen compounds react with difficulty 
with the alkaline cyanides; the latter are replaced by the 
double cyanide of mercury and potassium, Hg(CN)2.2KCN. 

Aromatic compounds containing a halogen in the side- 
chain also react with metallic cyanides : 

C6H6.CH2CI +KCN =C6H6.CH2.CN +KC1. 

If dilute alcohol is used as a solvent, the amide of phenylacetic 
acid, C6H5.CH2.CO.NH2 is obtained as a secondary product. 
To convert the chloride of triphenyl-carbinol, (C6H6)3.CC1, into 
the nitrile, it is heated with mercury cyanide, Hg(CN)2, to 150^ 
170° C. 

Halogens in the aromatic nucleus are replaced by CN only 
with difficulty, and never completely, even at 300-400° C; by 
using potassium ferrocyanide, the reaction takes place very 
incompletely. The iodine compounds react somewhat more 
readily than the other halogen derivatives. 

)A Qg g , on boiling with 

potassium cyanide, is converted into brom-benzyl cyanide^ 

CeEU/^ / . V p^ p^ • Phenyl-brom-acetic acid, on boiling with 

potassium cyanide, loses its bromine and is converted into 
diphenyl-succinic acid: 

2C6H6.CHBr .CO.OH + 2KCN = 2KBr + (CN) 2 + 

CeHfi.CH.CO.OH 



CeHfi.CH.CO.OH 

In the aromatic series, the nitriles are generally obtained 
through the intervention of the sulphonic acid derivatives by 
heating the latter with pure potassium cyanide, or with potas- 
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siiim ferrocyanide. If necessary, the reaction may be carried 
out in an atmosphere of carbon dioxide. The nitrile is isolated 
by distillation : 

C«H*\(2) l8:m+2KCN=CeH.<(CN+2Km. 

These bodies may also be obtained by replacing NH2 with 
CN with the aid of the azo compounds. Benzonitrile, for ex- 
ample, is obtained by slowly adding with agitation the solution 
of the diazo chloride, heated to 90° C, to the double cyanide 
of copper and potassium. This double cyanide is prepared by 
adding 25 gms. of a 96 per cent, solution of potassium cyanide 
to a boiling solution of 25 gms. of copper sulphate in 150 cc. 
of water. 

The acid chlorides and bromides also react, on heating, with 
metaUic cyanides : * 

CH3.CO.CI + Ag.CN =CH3.C0.CN + AgCl. 

Although the alkaline cyanides, potassium ferrocyanide, 
and the double cyanide of mercury and potassium, and some 
others, with the halogen compounds, give principally nitriles, 
other cyanides, such as those of silver and zinc and other analo- 
gous ones, form principally isonitriles or carbylamines. The 
reaction is carried out at 100° C. : 

» 

CH3I + AgCN -CHaNC + Agl. 

To obtain the carbylamines, for each molecule of iodide 
there are taken two molecules of silver cyanide, one of which 
serves for the formation of a double compoimd with the iso- 
nitrile, which is subsequently decomposed with water and 
potassium cyanide. The carbylamine is purified by distillation. 

^ For the preparation of the nitrilee, see page 117; for the substitution of OH 
by CN, see page 198; for the combination with HON, see page 187; and for the 
action of CNC1» see page 206. 
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With isopropyl iodide, (CH3}2CHI, and silver cyanide, besides 
the carbylamine, {CH3)2CH.NC, there are also formed, as second- 
ary products, propylene and hytbocyanic acid. 

The carbylamines are easily obtained by the energetic reac- 
tion of alcoholic potash on a mixture of chloroform and a salt 
of an amine ' : 

CHCla + NHi.CHa +3K0H ^^CHg.NCN +3KC1 +3H2O. 

It is on this formation of carbylamine that Ls based the charac- 
teristic reaction for chioroform. 

Compounds wliich contain the groups, CO.CHa.CO or 
CO.CHR.CO, can have the hydrogen of these groups easily 
replaced by sotlium, and these sodium derivatives which are 
formed exchange the metal for an R group by the action of 
the halogen compound of the ahphatic series, and, in certain 
cases, of the aromatic series. Aceto-acetic ester, malonic ester, 
and others can have one or two atoms of hydrogen replaced by 
a radical. 

The manner of procedure is the following : A calculated 
quantity of soLliuni in the least possible amount of absolute 
alcohol is added to the ester, and afterwards, with cooling if 
necessary, the theoretical quantity of the halogen compound; 
finally, the reaction is finished, if required, by heating in a Sask 
with a return condenser until the liquor is no longer alkaline. 
The alcohol is distilled off, and the product is washed with 
water t-o remove any halogen salt, and the ester Ls finally puri- 
fied by distillation. If an acid chloride is allowed to act on the 
sodium compound, it is necessary to operate in an ethereal 
solution. For the preparation of diaceto-acetic ester, as much 
sodium as possible is dissolved, and there is added little by little 
an ethereal solution of acetyl chloride, taking a quantity cor- 
responding to the sodium dissolved. 

To obtain compounds containing two radicals, it is not 



■ AleieycS gives thu fur 



ay 
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always necessary to isolate the first body containiiig a single 
radical. After adding for each molecule of alcoholate a cal- 
culated amount of the halogen compound, and when it is no 
longer alkaline, a second molecule of alcoholate may be added, 
followed by the addition of the halogen body. This reaction 
is of great importance in sjrntheses, and is appUed in a large 
number of cases. 

Diketones which contain CO.CH2.CO, and compoimds which 
have SO2.CH2.CO, behave like aceto-acetic ester towards the 
idcoholates and the halogen compoimds. 

Condensation, with the production of metallic halogen 
derivatives, takes place by the action of the organo-metallic 
compoimds on halogen compoimds: 

CHBr CH.C2H6 

2 1 1 + (C2H5)2Zn - 2 1 1 4- ZnBrj. 

CH2 CH2 

CeH5.CH.a2 + Zn(CH3)2 = C6H5.CH(CH3)2 + ZnClg. 

The reaction is so energetic that it is necessary to moderate 
it by dilution with ether, benzene, etc. 

Dichlor-ethyl-ether with zinc-ethyl only replaces one atom 
of chlorine and forms : 

CH2.CI 

I 
CH (C2H5) .OC2H5 

to replace the second, it is necessary to heat in a sealed tube. 

The acid chlorides react very readily with the organo- 
metallic compounds to form ketones, a result obtained by the 
further action of the acid chloride on the first product of the 
direct action. The reaction may be expressed by the following 
equation : 

2CH3.CO.a + Zn(CH3)2 -2CH3.CO.CH3 + ZnQa. 
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It is necessary, after the reaction is finished, to treat the 
product with water or a dilute acid, especially when there is aa 
excess of ZnR2; otherwise it would form tertiary alcohols. 
Wjien the substances are mixed together, they should be cooled. 

The iodine compounds, when treated with sodium, nearly 
all behave according to the following equation : 

RI + R'l + Na2 = R.R' + 2NaI. 

Usually the reaction takes place less readily with chlorine 
and bromine compounds. 

In certain cases, by employing a mixture of halogen com- 
pounds, the reaction takes place separately on each one; this 
is particularly true when the bodies are not attacked with the 
same energy. Thus, on heating a mixture of octyl bromide and 
ethyl iodide with sodium, the latter is converted entirely into 
butane before the temperature becomes sufficiently elevated to 
attack the octyl bromide; also the latter is converted entirely 
into CgHiy.CgHiy. 

Bodies containing several halogen atoms behave in the 
same maimer as those which only contain one: 

CeH*/ j2gj; + 2CH3.CH2.CH2.Br + 2Na2 = 



C«H*<S cS+^^r- 



In general, the sodiirai is allowed to act on the mixture of 
the well-dried halogen compounds, and without alcohol. The 
mixture is cooled, if necessary, or, on the other hand, heated 
under a certain pressure. With secondary iodides there may be 
formed unsaturated hydrocarbons, but it is easy to separate 
these by shaking with sulphuric acid. 

In the aUphatic series, the synthesis of the carboxylic acids 
and their esters is carried out in the same manner. Sometimes 
the sodiimi is replaced with silver obtained by the action of zinc 
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on silver chloride. Valerianic acid is obtained in this manner 
by heating ^iodo-propionic acid and ethyl iodide with silver at 
150-180° C: 

CH2I.CH2.CO.OH+C2H6I+ Ag2 =CH2(C2H5)CH2.CO.OH+ 2AgL 

^-lodo-propionic acid alone with silver gives adipic acid. 
With silver and (CeH5)2CCl2f we have the reaction: 

C(C6H6)2 

2(C6H5)2C.a2+2Ag2 = II -f 4AgCl. 

C(C6H5)2 

The silver may be replaced by other metals. Thus the 
reaction, 

CeHsBr + CH2CI.CO.OC2H5 - (Br + CI) = C6H6.CH2.CO.OC2H5, 

occurs on heating with copper at 200° C. Brombenzene reacts 
with ethyl chlor-formate, CICO.OC2H5, on heating with sodium 
ajnalgam of 1 per cent. 

Condensations with removal of halogen may also take place 
with the aid of alkaline cyanides (see page 206) . 

Condensation with elimination of a halogen acid takes place 
in certain cases through the action of an alcohoUc solution of 
sodium. Thus, para-nitro-benzyl chloride gives dinitro-stilbene : 

/(4) NO2 HC.C6H4.NO2 

C6H4< 



\1) CH2CI HC.C6H4.NO2 

As an example of a condensation with elimination of a salt; 
may be given the formation of ketones by the distillation of 
certain salts; thus, ordinary acetone is obtained according to 
the following equation : 



MO 
CH: 



,>4o'> - mo>+ot:>; 
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and benzophenone, in the same way, may be prepared from 
benzoates: 

C6H5.CO.OM + MO.CO.CeHfi = CO/^^ + Co/^Jh*- 

The synthesis of the aromatic carboxylic acids, by the 
fusion of a mixture of an aromatic sulphonic acid and a for- 
mate, is also a condensation with elimination of a salt : 

C6H5.SO3M + HCO.OM = CeHfiCCO.OM) + HMSO3. 



VI. CONDENSATION WITH LIBERATION OF HYDR06E1T. 

The reaction expressed by the general equation, 

R.H + R.H + = R.R + H2O, 

often occurs in the aromatic series. Benzene, for example^ 
among other products, gives diphenyl when its vapors are 
passed through an iron tube heated to redness and filled with 
pumice-stone. The formation of diphenyl will explain the 
production of a certain quantity of benzoic acid in the oxida- 
tion of benzene with manganese dioxide and sulphuric acid. 
Naphthalene, by the same reaction as above, gives C10H7.C10H7. 
Dimethyl-aniline, dissolved in sulphuric acid and oxidized 
with lead oxide, is converted into tetramethyl-benzidine : 

C6H4.N(CH3)2 
C6H4.N(CH3)2" 

Phenol, on oxidation with potassium permanganate, gives 
S3rmmetrical diphenol : 

C6H4.OH 



C6H4.OH 
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Resorcin and hydroquinone, fused with alkalies, are con- 
verted into: 



CeHaCOEOa 

6H3(0H)2" 



i 



The other phenols, oxy-aldehydes, and oxy-acids of the 
aromatic series behave in a similar manner. Vanillin, with & 
hot solution of ferric chloride, gives divanillin : ^ 

[C6H2(C0H)(0CH3)0H]2. 

An aqueous solution of vanillin gives a bluish-violet colora^ 
tion with ferric chloride; if heated, the divanillin is deposited 
in the form of a white crystalline substance, difficultly soluble 
in the ordinary solvents, but readily so in alkaUes. 

Gallic acid, oxidized with silver oxide or arsenic acid, gives 
the acid : 



C<|H(0H)3C0.0H 
6H(OH)3CO.Oh' 



i 



In certain cases, hydrogen may be removed indirectly. 
Thus, iodine, acting on the sodium compound of bodies con- 
taining the group, CO.CH2.CO, spUts off sodium, and there is 
formed a condensation: 

CH3.CO.CHNa CH3.CO.CH.CO.OC2H6 

+ l2= I 

.OC2H6 CH3.CO.CH.CO.OC2H5 



2 I +l2= I +2NaL 

C0.< 



This reaction takes place by dissolving the sodium com- 
pound in ether and adding the theoretical quantity of a con- 
centrated solution of iodine in ether. 



A Dianine, Conversion of Phenols into DiphenoU by Oxidation^ St Petersburg, 
1S80 (m Russian j. 
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Vn. CONDENSATION WITH LIBERATION OF WATER AND 

HYDROGEN. 

This reaction takes place in the important synthesis of 
Skraup, — the formation of quinoline and its derivatives by heat- 
ing various amido compounds with glycerol and sulphuric acid.^ 
Quinoline is obtained in the dry distillation of the condensa- 
tion product of acrolein with aniline : 

/ N=CH 

C6H5.N:CH.CH.CH2(?) ► C6H4/ | , 

\CH-CH 

and it is known that sulphuric acid acting on glycerol will give 
acrolein. In the reaction of Skraup, the removal of hydrogen 
can be admitted in the product of condensation (with loss 
of water) of acrolein with amido compounds. The hydrogen 
which is so liberated may act as a reducing agent; hence there 
is added to the mixture an oxidizing agent such as nitrobenzene, 
or, better, sodium nitrophenate. The general method of obtain- 
ing the quinolines consists in heating for several hours, with a 
reflux condenser, the amido compounds with glycerol and sul- 
phuric acid, with some nitrobenzene. The latter is removed 
by distillation in steam; the remaining Uquor is made alkaline, 
and the free base is removed either by distillation in steam or 
by ether. Nearly all aromatic compounds give quinoline deriva- 
tives if they contain an unreplaced hydrogen in the ortho position 
with reference to the amido group. 

Vin. CONDENSATION WITH LIBERATION OF CO2. 

The formation of ketones (see page 211) falls under this 
class of condensations, as well as many other cases. 

Sulphuric acid acting on malic acid gives cumalic acid : 

2C4H6O5 - 2H2O - 2H2 - 2CO2 = C6H4O4 = C5H3O2.CO.OH. 

The cumaUc acid may be considered as a condensation product 
of malonic aldehyde. 



' See the Monograph of Liubavine cited on p. 198. 
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Tartaric acid, on dry distillation, or by the action of hydro- 
chloric acid at 180^ C, gives p3rrotartaric acid : 

2C4H6O6 = C5H8O4 + 3CO2 + 2H2O. 

Oxalic acid, reduced with sodium amalgam, gives desoxalic 
acid: 

H0.C(C0.0H)2 

3C2H204-C02-02=C6H60H= I 

HO.CH.CO.OH 

The electrolysis of aliphatic acids is effected with the lib- 
eration of carbonic acid and hydrogen with a condensation of 
the hydrocarbon groups which form a part of the acid radical. 
The electrolysis of the salts of valeric acid gives octane. 

IX. POLYMERIZATION. 

Sometimes polymerization is the result of an indirect com- 
plication of the molecule; in other cases it is the result of a 
series of consecutive reactions; while, in others still, it is the 
result of direct condensation. The latter case takes place most 
often by the action of high temperatures on unsaturated bodies : 
acetylene gives benzene; val^rylene and isoprene give the ter- 
pene, CioHie; the terpenes themselves are converted into 
C20H32, etc. Styrol is converted into its polymeride, metast3rrol. 

Certain bodies bring about polymerization by their simple 
presence. Terpenes polymerize under the influence of boron 
fluoride, antimony trichloride, etc. 

The polymerization of cyanic acid into cyanuric acid ^ is 
the result of an indirect condensation, the nitrogen binding 
the groups together. The structure of cyanuric acid is: 

C.OH 



HO.C\/C.OH 

N 



'The action of triethyl phosphine, P(C^(),, on phenylcyanate, CN.OCgH^ 
is interesting; a minute quantity of the former is sufficient to oonyert a yecy 
large quantity of the latter into cyanuric ester, CJ^^iOCfig), 



ai6 ORGANIC SYNTHESES. 

An analogous formula is admitted for cyalnphenine; the 
polymer of benzonitrile, (C6H6.CN)3, which is formed not only 
by the action of sodium on benzonitrile, but also by the action 
of sodium on the ethereal solution of a mixture of C3N3CI3 and 
brombenzene : 

SCeHsBr +C3N3CI3 + 3Na2 = (C6H5)8C3N3 +Naa +3NaBr. 

An entirely different case is presented in the polymeriza- 
tion of nitriles of the aliphatic series by the action of metallic 
sodium; there is here a direct condensation. The polymerized 
nitriles are found to be related to the p3rrimidine derivatives,^ 
which are obtained by the condensation of amidines with aceto- 
acetic ester. Cyanethine, for example, very probably has the 
formula: 



N-C.C2H5 
C2H5.C C.CH3, 

.NHa 



C.( 

\ / 

N=C.N 



There has also been obtained a double nitrile, CeHioNz, 
intermediate between propionitrile and cyanethine. 

' L Ponomaieff, On the ConetitiUion of Cyanurie Add, Odessa, 1886 (in RnasUn) 



CHAPTER IX. 

ISOMERIZATION. 

It sometimes happens that a body is converted into an 
isomeric form possessing the same percentage composition, 
either by the same reaction which gives rise to the first body, 
or to some other reaction. This displacement of the atoms 
combined in a molecule can be explained either by the fact of 
successive reactions, or by the existence of a more stable form 
to which all the other isomers tend to transform themselves.* 
This latter supposition has been used in order to explain the 
tendency possessed by various hydrocarbons to pass into their 
isomers having a symmetrical structure. For example, the 
butylenes tend to pass into 

CH3.CH' CH.CH3. 

But this fact, as well as the transformation of propyl bro- 
mide, CH3.CH2.CH2Br, into isopropyl, (CH3)2CHBr, by the 
action of aluminium bromide, the formation of secondary 

^ A. Eltekofif, Molecular TranaposUiona among the Hydrocarbons of the Ethylene 
Series and among the Saturated Alcohols, Karkofif, 1884 (in Ruasifui). See also 
the theses of Gustavsonn and PonomarefiP, cited on pp. 75 and 210. 

In some oases, the presence of certain groups in the molecule may be the 
cause of its isomerization. Vidmann and Fileti have shown the existence of 
certain rules in this respect. In the benzene derivatives, if the group 
CHyCHyCH, is found in the para position with reference to a CXI, group, the 
oxidation of the latter groxi^ (conversion into CH^OH, CHO, or CO. OH) is 
accompanied by the transposition of the CH^CH^CH, group into CH(CH,)^ 
Inversely, the reduction of the groups CH^OH, CHO^ or CO. OH to CH, con- 
verts CH(CH,), into CHyCH^CH^ 
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butyl alcohol in place of the normal, and the tertiary in place 
of isobutyl alcohol, can be explained more readily by successive 
fixations and removals of groups. 

The isomerization of acetylene hydrocarbons, when they 
are heated with alkahes in alcoholic solution, really takes place, 
as shown by Favorsky,^ by the fixation and then the removal 
of the alcoholate. Thus ethyl acetylene, CH3.CH2.CsCH, 
heated to 170° C. with an alcohoUc solution of caustic potash, 
gives dimethyl acetylene, CH3.CsC.CH3. In this same manner 
the different cases of isomerism above noted may be explained. 

Durol, or tetramethyl-benzene (synmietrical), CeH2(CH3)4, 
by the action of sulphuric acid, is converted into adjacent tetra- 
methyl-benzene. There is in this case an instance of successive 
reactions, for at the same time there are formed sulphonic 
acids of the two hydrocarbons and of trimethyl-benzene, and, 
still further, hexamethyl-benzene. When brom-tribrom-phenol, 
C6H2Br3.0Br, is heated to 180° C. with concentrated sul- 
phuric acid, it is converted into the isomer, tetrabrom-phenol, 
C6HBr4.0H. 

The compounds, CnH2nBr2, heated with water and lead 
oxide, yield glycols or oxides at the same time as aldehydes 
and ketones. In certain cases this may be explained by the 
fixation of water to the acetylene products which are at first 
formed. In this manner ethylene bromide is converted into 
aldehyde. The conversion of the bromide of trimethyl-ethylene 

(CH3)2.CBr (CH3)2.CH 

I into the ketone | 

CH3.CHBr CH3.CO 

can also be explained by the fixation of water to the unsat- 
lu-ated alcohol, 

(CH3)2.C 

II , 
CH3.C.OH 

1 See Jour, Soc Phys, Chim, Busse, vol. 19, pp. 414 and 663; toL 20, p. 618. 
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which is at first formed, and the subsequent splitting-off of 
water. But the same explanation cannot be used in the case 
of the transformation of the bromide of di-isopropyl, 

(CH3)2.CBr (CH3)3.C 

I , into the ketone | . 

(CH3)2.CBr CH3.CO 

The conversion of phenyl-ethylene oxide, | )0 into 

CH2/ 
phenyl-acetaldehyde, CeH6.CH2.CHO, by boiling with a 20 per 
cent, solution, of sulphuric acid, or by the action of acetyl 
chloride or benzoyl chloride, is also a fixation and removal 
of water. 

In the same manner, synunetrical diphenyl-ethylene oxide, 
CeHs.CHv 

I ^O, with dilute sulphuric acid at 200^ C, is converted 
C6H5.CH/ 

into diphenyl-acetaldehyde, (CeH6)2CH.CH0. 

(C6H5)2.Cv 

a-Benzene pinacoline, | yO, is converted into the /? 

(CeH5)2.c/ 

compound, (C6H6)3C.C0.C6H5, when it is heated to 150^ C. 

with hydrochloric or hydrobromic acids.^ 

Compounds containing nitrogen often give rise to cases of 

isomerization. When ammonium cyanate is heated it gives 

urea; ^ the substituted ureas and the thio-ureas may be obtained 



* A. Zagumenny, On the Aromatic Pinaeones and Pinaeolines, St, Petersburg, 
1881 (in Russian). 

' The sjnithesis of urea can be regarded as the dissooiation of ammonium 
cyanate into cyanic acid, COiNH, and ammonia, which then recombine in a 
different manner: 



CO : NH+ NH,- 00<^J^ 



Inversely, urea, heated in a sealed tube with alooholic potaaht giyee eyanlo 
add and ammoniai 
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in the same manner. The esters of true cyanic acid heated to 
200-210^ C. are converted into the isocyanic esters. The 
phenylhydrazines, on heating, give pjo^azolines : 

CH.CH:CH2 CH.CH2.CH2 

I = II I . 

NHNH.CeHs N N.CeHg 

The isonitrileS; on prolonged heating, are changed into nitriles. 
Thus, 

CeHs-NC/ 

heated to 200® C, is converted into CeH5.CN. 

The aromatic ketoximes, by the action of various agents, 
yield isomeric anilides. The oxime derivative of benzophenone, 
(C6H5)2C:N.0H, dissolved in acetic acid, by the action of 
gaseous hydrochloric acid at the ordinary temperatures, is con- 
verted into benzanilide, CeH6.CO.NH.CeH5. 

Azoxy compounds are converted into oxy-azo derivatives 
by sulphiuic acid : 



CeHs-Nv CeH5.N 

l>= II. 

CeH5.N/ HO.C6H4.N 



The isomerization in this case can be considered as the 
result of the reaction between the hydrate of diazobenzene, 
CeH5N:N.0H, or, more exactly, its sulphate, and phenol 
formed by the decomposition of the azoxy-benzene by the sul- 
phuric acid. 

The diazo-amido compounds, for example, 

CeH5.N:N.NH.C6H5, 



>CH 

* The fonnula for this body as given by Alexeye£f is G^H«^ 11 . 
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are converted into amido-azo derivatives, 

C6H5.N:N.C6H4.NH2, 

by a prolonged cooling of their solutions, but more readily by 
the action of aniline hydrochloride : 

C<|H6.N : N.NH.C<|H6 + C6H5.NH2.HCI 

- CeHs-N : N.C6H4.NH2 + C6H5.NH2.Ha. 

There is at first formed, without doubt, diazobenzene chloride, 
CeHsN :N.C1, and aniline, which subsequently react with each 
other. 

When the secondary aromatic amines are heated they are 
converted into the primary; the tertiary into the second- 
ary, etc. Thus, the iodomethylate of dimethyl aniline, 
C<|H6.N(CH3)8l, at 220-230^ C, gives the hydriodide of di- 
methyl toluidine: 

CH3.C6H4.N(CH8)2.HI; 

and the latter, heated still higher, gives hydriodide of methyl- 
xyhdine, 

(CH3)2.C6H8.NH(CH3).HI; 

and at 335^ C. there is formed the hydriodide of trimethyl- 
amido-benzene : 

(CH3)8.C6H2.NH2.HI. 

This isomerization may be explained by a dissociation of the 
ammonium derivative and the action of RI on the compoimd. 
The R group takes the ortho or para position with reference 
to the nitrogen, but never the meta. 
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Pyridine compounds behave in the same manner when 
heated: C6H6N.C2H5I, heated to 320^ C. for some hours, is con- 
verted into the hydriodide of ethylpyridine, C6H4(C2H5)N.HI. 
This method is applied to the preparation of the homologues 
of pyridine. 

Isomerization affords a method for the synthesis of the 
diamine derivatives, starting from the hydrazo compounds.^ 
Thus, hydrazobenzene, 

CeHs-NH 

I , 
CeHfi-NH 

under the influence of acids, g^ves benzidine: 



C6H4.NH2 
'6H4. 



C«H4.NHa* 



In the same manner, hydramines, heated to 130° C, or by 
boiling with potash, are converted into a stable nucleus : 

CeHs-CH : Nv C6H8.C.NHv 

X^JH.CeHs. II yCH.CeHs, 

C6H5.CH:N/ CeHe-CNH/ 

Hydrobensamide. Amaxine. 

An interesting fact is the reciprocal transformation by 
heat of the two isomers of dichlortolane, using 63® and 
143® C: 

CeHs.C.Cl 

II . 

C<|M5.C.C1 



^ By the action of energetio reducing agents on azo bodies, which give hydraco- 
compounds, the latter isomerizing aa above. 
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This isomerization, along with others (fumaric and maleie 
acids, etc.), can only be explained by considering the spatial 
relations of the atoms in the molecule, and by admitting, with 
Wislicenus, that one of the isomers is plano-sjmmietrical and the 
other axio-sjmmietrical.i In these cases, as with dichlortolane, 
where two different bodies are represented by the same formula, 
the isomerization is called tautomerism. When one and the 
same body is decomposed differently under the influence of 
different chemical agents, a single formula does not suffice to 
explain its reactions; two formulas are required, giving a different 
distribution of the atoms in their spatial relations in the mole- 
cule. Thus, aceto-acetic ester, C3H.CO.CH2.CO.OR, under 
certain conditions behaves like a compound having the formula, 
CH3.C(0H):CH.C0.0R. 

Phloroglucol (trioxy-benzene 1:2:4) sometimes behaves as a 
triketone : 

CO 

HgC/NcHa 

OC\/CO ' 
CH2 

Optically inactive substances (but containing an asym- 
metric carbon atom) can be converted into different isomers 
by different decompositions. The simple crystallization of the 
salts is sometimes sufficient, as in the case of tartaric, malic, 
phenylglycollic acids, etc. In the same manner, artificial a- 
propylpyridine (the salt) gives an isomer which rotates the 
plane of polarized light to the right. 

This double nature appears to disappear when one or several 
isomers are mixed together, when the different rotatory powers 
mutually annul one another. 

The spUtting-up of a substance into two isomeric bodies 
may sometimes take place through the agency of a micro-organ- 
ism which will destroy one of the isomers. Thus, with amyl 

^ See B%a. 80c Chim., yoL 49, p. 457. 
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alcohol, CH(CH3)(C8H7)OH, there is formed, by the aid of fer- 
ments, a Isvo-gyrate alcohol. Glyceric add, 

CO.OH 

I 
CH.OH , 



CHo. 



_0H 

l)ehaves in the same manner. With conicine, there cannot be 
obtained by this method the optically active isomers, on account 
of its destructive action on inferior organisms. 
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PAOB 

Keto-amides 43 

Ketones, condensation of 192 

nitration of 97 

oxidation of 5, 32 

reduction of 53 

Ketonic adds 54, 125, 144 

aldehydes, reduction of 56 

oxygen, reduction of 48 

Ketoximes 92 



Xactic add 54 

Lsevulose 176 

Xevulinic add 114 

M. 

3lalic add 81 

Malonic ester , 146 

Manganese dioxide, action of, in oxidation. 12 

Mellitic add 123 

Mercaptans 165 

Mesityl oxide 145 

• Mesitylene 192 

oxidation of 19 

Meta-chlor-benzoic add, oxidation of 38 

Meta-chlor-phenol 41 

Metacrylic add 113 

Meta-nitro-benzoic add 69 

Meta-phenylene diamine 178 

Metallic salts of organic adds 106 

Metallo-organic derivatives, preparation of 106 

Meta-styrol 215 

Methyl-acetamide 43 

Methyl amine 93 

Methyl-butyl-ketone, oxidation of 33 

Methyl-formamide 170 

Methyl-malonic add 123 

Methylene iodide 50 

Milk sugar, oxidation of 11 

Mixed ethers. 158 

Mono-chlor-acetic add, oxidation of. 37 

Muscarine i 
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Naphthalene, oxidation of 34 

^-Naphthylamine 64, 96 

NH group, substitution of, by S loa 

conversion of, into 44 

NHj group, displacement of, by OH 41 

joined to CO, conversion of, into OH 45 

method of preventing oxidation of. 17 

substitution of, by halogen 77 

by HS loa 

by NO, 87 

by SO./)H 104 

Nicotinic add 57, 125 

Nitric acid, action of, in oxidations 14 

derivatives, preparation of. 82 

Nitrile radical, substitution of 58 

Nitriles 136, 140 

conversion of, into esters 44 

polymerization of 216 

Nitrites of secondary amines 118 

Nitrocompounds, bromination of 71 

reduction of 48, 65 

separation of, from nitrous esters. 8S 

substitution of 58 

Nitro-amido-benzoic acid 118 

Nitro-anilides 86 

Nitro-benzene '70 

action of bromine on 71 

Nitro-benzyl alcohol 197 

Nitro-carboxylic acids 124. 

Nitro-chlor-benzene 39 

Nitro-dichlor-benzene 100 

Nitro-naphthalene 122 

a-Nitro-naphthalene 102" 

Nitro-nitriles, reduction of 65 

Nitro-phenols 96 

Nitro-phthalene 122 

Nitroso-phenyl-urea .' 138 

Nitro-styrol 85 

Nitro-sulphonic acids 85 

Nitro-toluene, oxidation of I3f 18 

Nitrolic acids 82 

Nitrosamines 83 

reduction of 63 

Nitroso-anilide 84 
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Nitroso-anilide, reduction of 64 

Nitroso compounds, reduction of 63 

Nitroso-dimethyl-aniline 58» 83 

Nitroso group, substitution of. 58- 

Nitrosyl chloride, fixation of. 141 

Nitrous add, action of, on aliphatic alcohols 84. 

on imido compounds. 84 

on nitro-compotmds 82 

derivatives, preparation of 82 

N :N group, conversion of, into H.OH 44. 

substitution of, by halogens. 78- 

N.OH group, conversion of, into 43 

NOj group, influence of 39 

Normal propyl bromide 201 

O. 

Octyl bromide 21a 

(Enanthol ^ 191 

(Enanthylic add, oxidation of 33. 

aldehyde 151 

OH group, conversion of, into H 55 

introduction of, with silver salts. 37 

substitution of, by halogen 79* 

by SO4H 104 

Oleic add 135 

oxidation of * 28- 

Ortho-amido-anilides 117 

Ortho-iodo-phenol, oxidation of 38- 

Ortho-nitro-benzal-acetone, oxidation of 10 

Ortho-nitro-phenol 39- 

Ortho-nitro-toluene 64 

Ortho-oxy-benzoic add 46- 

Ortho-sulpho-amido-toluene 116 

Ortho-toluene-sulphonic add 46' 

Ortho-toluic add, oxidation of 17 

Oxamic add 171 

Oxamide 171 

Oxidants, action of la 

Oxidation as result of condensation. 9- 

direct 15 

methods of conducting. , 8 

phases of 2 

with ammonia derivatives. 41 

Oxidizing agents, action of. 8, 1 1 

Ozimes. 67 
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PAOB 

Oxy-adds, action of phosphorus pentachloride on 8i 

formation of 185 

nitration of 87 

Oxy-anthraquinone 39 

a-Oxy-carboxylic adds 113 

«-Oxy-iso-butyric add 144 

XK-Oxy-nitriles, reaction of, with amines 169 

Oxy-pyridine 55 

Oxy-pyrone 98 

Oxygen, action of 11 

fixation of 131 

removal of 60 

substitution of 60 

by I2 82 

by NH 97 

by N.OH 92 

by sulphur 99 

in CO group • . » 81 



P. 

Palmitolic add, oxidation of 38 

Para-amido-benzoic add 167 

Para-amido-phenol, oxidation of 26 

Para-brom-aniline 69 

Para-chlor-ortho-toluidine 64 

Para-nitro-aniline 42 

Para-nitro-benzyl chloride 90, 211 

Para-nitro-phenyl-propiolic add 133 

Para-nitro-toluene 69, 71 

Paraldehyde 151 

Para-phenylene diamine, oxidation of. 26 

Para-rosaniline, formation of 10 

Penta-methylene-diamine 1 20 

Phenanthraquinone-oxime 92 

Phenates 184 

Phenazine 69 

Phenol 68, 69 

acid esters of 105 

action of bromine on 73 

Phenol-aldehydes 193 

Phenol bromide 57 

Phenol, ethers of 163 

Phenols, making of 41 

nitration of 96 
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Phenols, oxidation of 14, 20 

reaction of, with amines 169 

reduction of 55 

Phenol-sulphonic add 46 

Phenyl-aldehyde 144 

Phenyl-brom-acetic add 20'> 

Phenyl-carbimide 168 

Phenyl-chloroform, oxidation of 67 

Phenyl-cyanate 215 

Phenyl-ethylene oxide 113 

Phenyl-glyddic add 125 

Phenyl-glycocoU 170 

Phenyl-glycol 113 

Phenyl-hydrazine 176 

Phenyl iodide 132 

Phenyl-lactic add 144 

Phenyl-pyrazol 176 

Phenyl-urea 175 

Phlorogludc add 125 

Phloroglucol 125, 223 

Phorone 192 

Phosphoniiun iodide 50 

Phosphorus halides, use of 80 

Phosphorus, use of, with hydriodic add 49 

Phthalic anhydride 196 

Phthaleins 55 

Phthalimide, reduction of ; 53 

Phthalophenone 204 

Phthalyl-acetic add 194 

Phthalyl chloride 204 

Picoline 119 

Piperidine, oxidation of 25 

Piperonal 122 

Platinum spiral, action of, in oxidations. 11 

Polyhydric phenols, oxidation of 20 

Polymerization 215 

Potash, fusions with. 38 

Potassium permanganate, action of, in oxidations. 12 

persulphate 105 

Primary alcohols, oxidation of 5 

amines, action of heat on 175 

oxidation of 26 

nitro compounds 91 

Propane, oxidation products of 6 

Propargylic alcohol 159 

Propylene bromide 58 
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Propylene chloride 58 

a-Propylene chloride 13^ 

Propyl-phenyl-ketone, oxidation of 16 

Propyl-pseudo-nitrol 83, 131 

Protocatechuic aldehyde 122 

Pseudo-cumene, oxidation of i& 

Pseudo-nitrols 82 

Pyrazolines 62, 220 

Pyrazols 62 

Pyridine-carboxylic acids. 125 

Pyridone derivatives 97 

Pyrocatechin 169 

Pyrogallol 125 

Pyromellic add 123 

Pyromucic add 198 

Pyrone 97 

Pyrotartaric add 215 

Pyruvic add 54,112 



Q. 

Quinic add, oxidation of 34 

Quinoline 55 

carboxylic add 125 

oxidation of 34 

Quinone 54 

Quinone-dioxime 93 

Quinone-oximes 92, 132 

Quinone, reduction of 53 

Quinoxalines 173 



Radicals capable of oxidation 2 

Redudng agents, action of 49 

Reduction, different forms of 48 

Removal of halogens 109 

hydrogen 109 

oxygen 109 

Resorcin 163, 213 

oxidation of i4t 20 

Rhodamine 97 

Rhodizonic add 183 
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S. 

PAOS 

Salicyl aldehyde 192 

anilide. 86 

Salicylic add 87, 194 

Secondary alcohols, Chancel's reaction for • 89 

oxidation of 5 

hydrocarbons, substitution of , by CL 67 

Side-chains, influence of position of, on oxidation. 7 

oxidation of 7 

Silver oxide, action of, in oxidations 12 

ammoniacal solution of 12 

Simple ethers, removal of 127 

Skraup's synthesis 214 

Sodium acetanilide 184 

amalgam 50 

as a reducing agent 50 

stannite 5 

Soluble starch, action of oxidants on 12 

SO».OH group, substitution of, by OH 105 

Stannous chloride as a reducing agent 51 

Styrol 215 

Substituted adds, replacement of halogen by OH in 38 

Substituents of the first group 68 

second group 68 

Substitutions, laws of 67 

Sucdnamid^ 120 

Sucdnic anhydride 150 

Sucdnimide 120 

Sucdnyl chloride 52 

oxalic add 199 

Sulph-acetic add 103 

Sulphine adds 60 

Sulphinic add 139 

Sulphocyanic add 153 

Sulpho-mesitylenic add 185 

Sulphonal 166 

Sulphones loi, 166 

Sulphonic add group, conversion of, into OH 45 

substitution of 60 

Sulphonic adds, action of bromine on 174 

amides of. 43 

chlorides of 40, 57, 95, 161 

fttsion of, with caustic potash. 45 

lead, salts of 45 
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Sulphur, displacement of , by 46 

preparation of compounds containing. 165 

substitution of 6a 

by NH 9& 

Sulphuric acid, esters of 105 

fixation of 13^ 

anhydride, fixation of 13^ 

removal of 121 

Sulphurous anhydride, fixation of 139- 

Sulphuryl chloride 105 

Synthetic sugar 2X 



T. 

Tartaric acid 81, 215 

Tartronic acid 124, 146 

Tautomerism 223 

Terebenthene, oxidation of 20 

Terpcne 141 

Tertiary alcohols, oxidation of 5 

preparation of 190 

amines 155 

amyl iodide, oxidation of 36 

Tetrabrom-phenol 21ft 

a-Tetrahydro-naphthylamine, oxidation of 35 

Tetramethyl-benzene 218. 

Tetramethyl-diamido-fluorescein 97 

Thio-amides .* 9^ 

Thio-aniUdes 99 

Thio-benzanilide 99 

Thio-butyric acid 1 20 

Thio-carbamic acid 121 

Thiophene 119 

Thiophenyl-urea 46 

Thio-m-ea 98, 12& 

substituted 1 20- 

Thymol 126 

Tin as a reducing agent 51 

Toluene ^o 

oxidation of 11 

Triacetonamine 119 

Triacetonine 119 

Triamido-azo-benzene 179 

Tribrom-phenol 57 

bromide 57 
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^-TrichloT-acctyl-acrylic acid 145 

Trichlor-lactic add, oxidation of 37 

Trichlor-phenol 104 

Triethyl-phosphine 215 

Triethyl-sulphuric iodide 156 

Trimethyl-carbinol, oxidation of 29 

Trimethylene no 

Trimethyl-cthylene bromide 21& 

Trimethyl-rosaniline 97 

Trinitro-mesitylene 65 

Triphenylbrom-methane 36 

Triphenyl-chlor-methane 202 

Triphenyl-guanidine 174 

Triphenyl-methane 202 

oxidation of 20 

Triphenyl-urethane 197 



U. 

Unsaturated acids, synthesis of 192 

alcohols, oxidation of 27 

compounds, oxidation of 14 

groups, reduction of 4S 

hydrocarbons, oxidation of 27 

Uramido-benzoic add 175 

Urea 164 

synthesis of 219 

Urethanes 152 

Uric add, oxidation of. 31 



V. 

Valerianic add 211 

Valeric add 215 

Valero-lactone 114 

Valerylene 215 

Vanillin. . . . ; 213 

oxidation of 24 



W. 

Water, fixation of 135 

removal of 112 
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Xylene. 71 

hezahydride, oxidation of. 35 



Z. 

Zinc as a reducing agent 51 

dust as a reducing agent. 51 

ethyl 132 

propyl. 190 
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AGRICULTURE -HORTICULTURE -FORESTRY. 

Armsby's Principles of Animal Nutrition 8vo, $4 00 

* Bowman's Forest Physiography 8vo, 5 00 

Budd and Hansen's American Horticultural Manual: 

Part I. Propagation. Culture, and Improvement 12mo, 1 60 

Part II. Systematic Pomolog\' 12mo, 1 60 

Elliott's Engineering for Land Drainage f 2mo, 2 00 

Practical Farm Drainage. (Second Edition, Rewritten.) 12nK>, 1 50 

Fuller's Water Supplies for the Farm. (In Press.) 

Graves's Forest Mensuration 8vo, 4 00 

* Principles of Handling Woodlands Large 12mo, t 60 

Green's Principles of American Forestry I2mo, 1 60 

Grotcnfelt's Principles of Modem Dairy Practice. (Woll.) 12mo, 2 00 

* Hawley and Hawcs's Forestry in New England 8vo, 3 60 

* Herrick's Denatured or Industrial Alcohol 8vo, 4 00 

* Kemf) and Waugh's Landscape (hardening. (New Edition, Rewritten.) 12mo, 1 50 

* McKay an<l Larsen's Principles and Practice of Butter-making 8vo, 1 60 

Maynard's Landscape (hardening as Applietl to Home Decoration 12mo, 1 60 

Record's Identification of the Economic Woods of the United States. (In Press.) 

Sanderson's Insects Injurious to Staple Crops ]2mo, 1 60 

* Insect Pests of Farm, (larden, and Orchard Large 12mo. 3 00 

* Schwarz's Longleaf Pine in Virgin Forest 12mo. I 26 

* Solotaroff's Field Book for Street-tree Mapping 12mo, 75 

In lots of one dozen 8 00 

* Shade Trees in Towns and Cities 8vo, 3 00 

Stockbridge's Rocks and Soils 8vo, 2 60 

Winton's Microscopy of Vegetable Foods 8vo, 7 60 

Well's Handbook for Farmers and Dairymen IGmo. 1 60 

ARCHITECTURE. 

* Atkinson's Orientation of Buildings or Planning for Sunlight 8vo. 2 00 

Baldwin's Steam Heating for Buildings ]2mo, 2 60 

Berg's Buildings and Structures of American Railroads .4to, 6 00 

1 



Birkmire's Architectural Iron and Steel 8vo. S3 fiO 

Compound Riveted Girders as Applied in Buildings 8vo. 2 00 

Planning and Construction of High Office Buildings 8vo. 3 60 

Skeleton Construction in Buildings 8vo, 3 00 

Briggs's Modem American School Buildings 8vo. 4 00 

Byrne's Inspection of Materials and Workmanship Employed in Construction. 

16mo. 3 00 

Carpenter's Heating and Ventilating of Buildings 8vo, 4 00 

♦ Corthell's Allowable Pressure on Deep Foundations 12mo. 1 25 

* Eckel's Building Stone* and Clays 8vo. 3 00 

Freitag's Architectural Engineering 8vo. 3 60 

Fire Prevention and Fire Protection. (In Press.) 

Fircproofing of Steel Buildings 8vo. 2 50 

Gerhard's Guide to Sanitary In8i>ections. (Fourth Edition, Entirely Re- 
vised and Enlarged.) 12mo, I 50 

♦ Modem Baths and Bath Houses 8vo. 3 00 

Sanitation of Public Buildings — 12mo, 1 50 

Theatre Fires and Panics 1 2mo. 1 50 

♦ Tlie Water Supply, Sewerage and Plumbing of Modem City Buildings, 

8vo, 4 00 

Johnson's Statics by Algebraic and Graphic Methods 8vo 2 00 

Kellaway's How to Lay Out Suburban Home Grounds 8vo, 2 00 

Kidder's Architects' and Builders' Pocket-book 16mo. mor.. 6 (K) 

Merrill's Stones for Building and Decoration 8vo. 5 00 

Monckton's Stair- building 4to, 4 OO 

Patton's Practical Treatise on Foundations 8vo, 5 00 

Peabody's Naval Architecture 8vc. 7 50 

Rice's Concrete-block Manufacture 8vo, 2 OO 

Richey's Handbook for Superintendents of Construction 16mo. mor. 4 00 

Building Foreman's Pocket Book and Ready Reference. . lOmo, mor. 5 00 
♦ Building Mechanics' Ready Reference Series: 

* Carpenters' and Woodworkers' Edition 16mo. mor. [ 50 

* Cement Workers* and Plasterers' Edition 16mo, mor. 1 50 

* Plumbers', Steam-Fitters', and Tinners' Edition. . . 16mo, mor. 1 50 

* Stone- and Brick-masons' Edition 16mo. mor. 1 50 

Sabin's House Painting 12mo. 1 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 1 50 

Snow's Principal Species of Wood 8vo, ,3 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep 6 50 

Law of Contracts 8vo. 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep. 5 50 

Wil.son's Air Conditioning 12mo, 1 50 

Worcester and Atkinson's Small Hospitals. Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo. 1 25 



ARMY AND NAVY. 

Bemadou's Smokeless Powder. Nitro-ccllulose. and the Theory ol the Cellu- 
lose Molecule 1 2mo, 

Chase's Art of Pattern Making l'2mo. 

Screw Proi>elIcrs and Marine Propulsion 8vo, 

♦ Cloke's Enlisted S|>ecialists' Examiner 8vo. 

* Gunner's E-\aminer 8vo. 

Craig's Azimuth 4to, 

Crehore an'* Stjuier's Polarizing Photo-chronograph 8vo, 

• Davis's Elements of Law 8vo, 

* Treatise on the Military Law i)f United States 8vo, 

* Dudley's Military Law and the Procedure of Courts-martial. ..Large Timo, 
Durand's Resistance and Propulsion of Ships 8vo, 

* Dyer's Handbook of Light Artillery 12mo. 
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Eissler's Modem High Explosives 8vo 

* Piebeger's Text-book on Field Fortification Large 12mo, 

Hamilton and Bond's The Gunner's Catechism 18mo, 

* Hoff 's Elementary Naval Tactics 8vo, 

Ingalls's Handbook of Problems in Direct Fire 8vo. 

* Interior Ballistics 8vo, 

* Lissak's Ordnance and Gunnery 8vo. 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II..8vo.each, 

* Mahan's Permanent Fortifications. (Mercur.) 8vo. half mor. 

Manual for Courts- martial lOmo. mor. 

* Mercur's Attack of Fortified Places 12mo, 

* Elements of the Art of War 8vo, 

Nixon's Adjutants' Manual. 24mo, 

Peabody's Naval Architecture 8vo, 

* Phelps's Practical Marine Surveying 8vo, 

Putnam's Nautical Charts 8vo, 

Rust's Ex-meridian Altitude. Azimuth and Star- Finding Tables 8vo. 

* Selkirk's Catechism of Manual of Guard Duty 24mo, 

Sharpe's Art of Subsisting Armies in War 18mo. mor. 

* Taylor's Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 

* Weaver's Military Explosives 8vo, 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 

ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 

♦Butler's Handbook of Blowpipe Analysis 16mo, 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

lOmo. mor. 

Furman and Pardee's Manual of Practical Assaying 8vo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8 vo. 

Low's Technical Methods of Ore Analysis 8vo, 

Miller's Cyanide Process 12mo, 

Manual of A.ssaying 12mo, 

Minet'^i Production of Aluminum and its Industrial Use. ( Waldo. )...12mc, 

Ricketts and Miller's Notes on Assaying 8vc, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vc, 

* Seamen's Manual for Assaycrs and Chemists Large 12mo, 

Ulke's Modem Electrolytic Copper Refining 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 

Craig's Azimuth 4to, 

Crandall's Text-book on Geodesy and Least Squares 8vo. 

Doolittle's Treatise on Practical Astronomy 8vo, 

Hayford's Text-book of Geodetic Astronomy 8vo, 

Hosmer's Azimuth 16mo. mor. 

* Text-book on Practical Astronomy 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

* Michte and Harlow's Practical Astronomy 8vo, 

Rust's Ex-meridian Altitude, Azimuth and Star- Finding Tables. ..... .8vo, 

* White's Elements of Theoretical and Descriptive Astronomy 12mo, 

CHEMISTRY. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defrcn.) - 8vo, 5 00 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 1 25 

AlexeyefT's General Principles of Organic Syntheses. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron Analysis 8vo, 3 00 
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Armsby's Principles of Animal Nutrition. .».« 8vo. $4 00 

Arnold's Compendium of Chemistry. CMMdel.) LaTfpe 12mo. 3 50 

Association of State and National Fpod and Dairy Departments. Hartford 

Meeting. 1906 8vo, 3 00 

Jamestown Meeting. \99f. 8vow 3 00 

Austen's Notes for Chesifeal Students 12mo. 1 50 

Bemadou's SmokclaR Powder. — Nitro-cellulose. and Theory of the Cellulose 

MolMCiIe 12mo. 2 50 

* Biltz'a lafCroduction to Inorganic Chemistry. (Hall and Phelan.). . .12mo. 1 25 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 

8vo. 3 00 

* Bingham and White's Laboratory Manual of Inorganic Chemistry. .12mo. 1 00 

* Blanchard's Synthetic Inorganic Chemistry 12mo, 1 00 

* Bottler's German and American Varnish Making. (Sabin.). .Large 12mo, 3 50 
Browne's Handbook of Sugar Analysis. (In Press.) 

* Browning's Introduction to the Rarer Elements 8vo, 1 50 

* Butler's Handbook of Blowpipe Analysis 16mo, 75 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo. 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

Ck>hn's Indicators and Test-papers 12mo, 2 00 

Tests and Reagents 8vo. 3 00 

Cohnheim's Functions of Enzymes and Ferments. (In Press.) 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Danncrth's Methods of Textile Chemistry 12mo, 2 00 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Eff rent's Enzymes and their Applications. (Prescott.) 8vo. 3 OO 

Eissler's Modem High Explosives 8vo, 4 00 

* Ekcley's Laboratory Manual of InorgBnfc Chemistry 12mo. 1 00 

* Fischer's Oedema 8vo, 2 00 

* Physiology oC Afimcntation Large 12mo. 2 00 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo. mor. 1 50 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo. 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells. )8vo, 3 00 

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vc, 12 50 

When Sold Separately. Vol. I, S6. Vol. II. $8. 

Fuertes's Water and Public Health 12mo. 1 50 

Furman and Pardee's Manual of Practical Assaying 8vo, 3 00 

* Gctman's Exercises in Physical Chemistry 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Gooch's Summary of Methods in Chemical Analysis. (In Press.) 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo. 1 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) 12mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

* Hamniarsten's Textbook of Physiological Chemistn'-. (Mandel.) 8vo, 4 00 

Hanausek's Microscopy of Technical Products. (Win ton.) 8vo, 5 00 

* Haskins and Macleod's Organic Chemi.stry 12mo, 2 00 

* Hcrrick's Denature«l or Industrial Alcohol 8vo, 4 00 

Hinds's Inorganic Chemistry 8vc, 3 00 

* Laboratory Manual for Students 12mo, 1 00 

* Holleman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) 12mo. 1 00 

Text-book of Inorganic Chemistry. (Cooper.) 8vo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50 

* (Ekeley) Laboratory Manual to Accompany Holleman's Text-book of 

Inorganic Chemistry 12mo. 1 00 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Hopkins's Oil chemists' Handbook 8vo 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo. 1 25 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels. Steel- 
making Alloys an<l Graphite Large 12mo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 (X) 

Lassar-Cohn's Apjilication of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) 12mo. 1 00 



Leach's Inspection and Analysis of Pood with Special Reference to State 

Control 8vo, 

L6b's Electrochemistry of Organic Compoiinds. (Lorenz.) 8vo,* 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .8vo. 

Low's Technical Method of Ore Analysis 8vo, 

Lowe's Paint for Steel Structures 12mo, 

Lunge's Techno-chemical Analysis. (Cohn.) 12mo. 

* McKay and Larsen's Principles and PtiMtice of Butter-making 8vo. 

Matte's Modem Pigments and their Vehicles 12mo, 

Mandel's Handbook for Bio-chemical Laboratory 12mo, 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

12mo. 

Mason's Examination of Water. (Chemical and Bacteriological.) 12mo, 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 

* Mathewson's Pirst Principles of Chemical Theory 8vo, 

Matthews's Laboratory Manual of Dyeing antl Textile Chemistry 8vo, 

Textile Fibres. 2d Edition, Rewritten 8vo. 

* Meyer's Determination of Radicles in Carbon C^mpotmds. (Tingle.) 

Third Edition 12mo, 

Miller's Cyanide Process 12mo, 

Manual of Assaying 12mo, 

Minet's Production of Aluminum and its Industrial Use. (Waldo.)... 12mo, 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo. 

Mixter's Elementary Text-book of Chemistry 12mo. 

Morgan's Elements of Physical Chemistry 12mo, 

* Physical Chemistry for Electrical Engineers 12mo, 

* Moore's Experiments in Organic Chemistry 12mo, 

* Outlines of Organic Chemistry 12mo, 

Morse's Calculations used in Cane-sugar Factories 16mo, mor. 

* Muir's History of Chemical Theories and Laws 8vo, 

Mulliken's General Method for the Identification of Pure Organic Ck>mpounds. 

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 

Vol. II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commercial Dyestuffs Large 8vo, 

* Nelson's Analysis of Drugs and Medicines 12mo, 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) 12mo, 

Part Two. (Tumbull.) 12mo. 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo. 

* Palmer's Practical Test Book of Chemistry 12mo, 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.). . 12mo, 
Penfield's Tables of Minerals. Including the Use of Minerals and Statistics 

of Domestic Production 8vo, 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 

Poole's Calorific Power of Fuels 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Reisig's Guide to Piece-Dyeing 8vo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 

ixjint 8vo. 

Ricketts and Miller's Notes on Assaying 8vo, 

Rideal's Disinfection and the Preservation of Food. 8vo, 

Rtggs's Elementary Manual for the Chemical Laboratory 8vo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 

Ruddiman't Incompatibilities in Prescriptions 8vo, 

Whys in Pharmacy 12mo, 

* Ruer's Elements of Metallography. (Mathewson.) 8vo, 

Sabtn's Industrial and Artistic Technology of Paint and Varnish 8vo, 

Salkowski's Physiological and Pathological Chemistry. (OmdorfT.) 8vo, 

* Schimpf's Essentials of Volumetric Analysis Large 12mo. 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) 8vo. 

* Qualitative Chemical Analysis 8vo, 

* Seamon's Manual for Assayers and Chemists Large 12mo, 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 

Spencer's Handbook for Cane Sugar Manufacturers 16mo. mor. 

Handbook for Chemists of Beet-sugar Houses 16mo, mor. 
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Stockbridge's Rocks and Soils Svo, 

Stone's Practical Testing of Gas and Gas Meters 8vo. 

* TtUman's Descriptive General Chemistry 8vo, 

* Elementary Lessons in Heat 8vo, 

Tread well's Qualitative Analysis. (Hall.) 8to, 

Quantitative Analysis, (Hall.) 8vo. 

Tumeaure and Russell's Public Water-supples. .'. 8vo, 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) 12mo. 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo. 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo. 

Vol.11 8vo. 

Washington's Manual of the Chemical Analysis of Rocks. 8vo. 

• Weaver's Military Explosives 8vo, 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo, 

Text-book of Chemical Arithmetic 12mo, 

Wliipple's Microscopy of Drinking-water 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo. 

Winton's Micro«scopy of Vegetable Poods 8vo, 

Zsigmondy's 0>Ucid« and the Uttramicroscope. (Alexander.).. Large 12mo, 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 

* American Civil Engineers' Pocket Book. (Mansfield Merriman. Editor- 

in-chief.) Idmo. mor. 6 00 

Baker's Engineers' Surveying Instruments 12mo. 3 00 

Bixby's Graphical Computing Table Paper 19i X 24J inches. 25 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 3 00 

Vol. II. Higher Surveying 8vo, 2 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

* Ckjrthell's Allowable Pressure on Deep Foundations 12mo, 1 25 

Crandall's Text-book on Geodesy and Least Squares 8vo. 3 00 

Davis's Elevation and Stadia Tables 8vo. 1 00 

* Eckel's Building Stones and Clays 8vo. 3 00 

Elliott's Engineering for Land Drainage 12mo, 2 00 

* Fiebeg*r's Treatise on Civil Engineering 8vo, 5 00 

Flemer's Phototopographic Methods and Instruments 8vo, 5 00 

Fol well's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

* Hauch and Rice's Tabl&s of Quantities for Preliminary Estimates. . . 12mo, 1 25 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hering's Ready Reference Tables ((Conversion Factors.) 16mo, mor. 2 50 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Howe's Retaining Walls for Earth 12mo, 1 25 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 0*25 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor. 1 50 

> Johnson (J.B.) and Smith's Theory and Practice of Surveying . Large 12mo. 3 50 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo. 3 00 

* Mahan's Descriptive Geometry 8vo, 1 50 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Merriman and Brooks's Handbook for Surveyors 16mo, mor. 2 00 

Nugent's Plane Surveying 8vo, 3 50 

Ogdcn's Sewer Construction 8vo, 3 00 

Sewer Design 12mo, 2 00 

G 



^ Ogden and Cleveland's Practical Methods of Sewage Disposal for Resi- 
dences, Hotels, and Institutions. 8yo, Si 50 

Parsons's Disposal of Municipal Refuse. 8vo, 2 00 

Patton's Treatise on Civil Engineering 8vo, half leather, 7 60 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.).8vo. 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry ^ . .8vo, 1 50 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Soper's Air and Ventilation of Subways \2vao, 2 50 

* 'Tracy's Exercises in Surveying 12mo. nvor. 1 00 

Tracy's Plane Surveying 16mo, mor. 3 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo. 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 (X) 

Sheep. 5 50 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 50 

* Waterbury's Vest- Pocket Hand-book of Mathematics for Engineers. 

2i><5i inches, mor. 1 (X) 

* Enlarged Edition. Including Tables mor. 1 50 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 1 25 

Wilson's Topographic. Trigonometric and Geodetic Stirveying 8vo. 3 50 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges.. 8vo. 2 00 

* Thames River Bridge Oblong paper, 5 00 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 5 (X> 

Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations 8vo. 3 50 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 50 

Bridge Trusses 8vo, 2 50 

Roof Tmsses 8vo, 1 25 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 2 50 

Heller's Stresses in Structures and the Accompanying Defomiations. . . .8vo, 3 00 

Howe's Design of Simple Roof-trusses in Wood and Steel 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Treatise on Arches 8vo, 4 00 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to. 3 50 

* Plate Girder Design 8vo, I 50 

* Jacoby's Structural Details, or Elements of Design in Heavy Framing. 8vo. 2 25 
Johnson. Bryan and Tumeaurc's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 10 00 

* Johnson. Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures. New Edition. Part 1 8vo, 3 00 

•Part II. New Edition 8vo, 4 00 

lierriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo. 2 SO 

Part II. Graphic Statics 8vo, 2 50 

Part ill. Bridge Design 8vo, 2 50 

Part IV. Higher Stmctures 8vo. 2 50 

Ricker's Design and Construction of Roofs. (In Press.) 

Sondericker's Graphic Statics, with Applications to 'Tmsses, Beams, and 

Arches 8vo, 2 (X) 

Waddell's De Pontibus. Pocket-book for Bridge Engineers lOmo, mor. 2 00 

* Specifications for Steel Bridges 12mo, 50 

HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo. 2 00 
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Bovey's Treatise on Hydraulics 8vo, $5 00 

Church's Diagrams of Mean Velocity of Water in Open Channeb. 

Oblong 4to, paper. 1 50 

Hydraulic Motors 8vo, 2 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). .8vo, 3 00 

Coffin's Graphical Solution of Hydraulic Problems lOmo, mor. 2 60 

Plather's Dynamometers, and the Measurement of Power 12mo. 3 00 

Polwell's Water-supply Engineering Svo, 4 00 

Frizoll's Water-power Svo, 5 00 

Puertes's Water and Public Health 12mo, 1 60 

Water-filtration Works 12mo. 2 60 

Ganguillet and Kutter's General Formula for the Uniform Plow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) Svo. 4 00 

Hazen's Clean Water and How to Get It Large 12mo. 1 50 

Filtration of Public Watcr-s.upplies Svo. 3 00 

Hazelhurst's Towers and Tanks for Water- works Svo 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large. Riveted. Metal 

Conduits Svo. 2 00 

Hoyt and Grover's River Discharge Svo. 2 00 

Hubbard and Kiersted's Water- works Management and Maintenance. 

Svo. 4 00 

♦ Lyndon's Development and Electrical Distribution of Water Power. 

Svo. 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) Svo. 4 00 

♦ Merriman's Treatise on Hydraulics. 9th Edition. Rewritten Svo. 4 GO 

♦ Molitor's Hydi'aulics of Rivers, Weirs and Sluices Svo. 2 00 

♦ Morrison and Brodie's High Masonry Dam Design Svo, 1 60 

♦ Richards's Laboratory Notes on Industrial Water Analysis Svo. 50 

Schuyler's Reservoirs for Irrigation. Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged Large Svo. 00 

♦ Thomas* and Watt's Improvement of Rivers 4to, 6 00 

Tumcaurc and Russell's Public Water-supplies Svo, 5 00 

♦ Wegmann's Design and Construction of Dams. 6th Ed., enlarged — 4to. 6 00 

Water-Supply of the City of New York from 165S to 1S95 4to, 10 00 

Whipple's Value of Pure Water Large 12mo. 1 00 

Williams and Hazen's Hydraulic Tables Svo. 1 50 

Wilson's Irrigation Engineering. Svo, 4 J 

Wood's Turbines Sro. 2 50 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements Svo, 

Treatise on Masonry Construction Svo. 

Black's United States Public Works Oblong 4to. 

* Blanchard and Drowne's Highway Engineering, as Presented at the 

Second International Road Congress. Brussels. 1910 Svo. 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

* Bottler's German and American Varnish Making. (Sabin.) . .Large 12mo, 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 

Byrne's Highway Construction Svo. 

Inspection of the Materials and Workmanshij) Employed in Construction. 

16mo, 

Church'.s Mechanics of Knginccring Svo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing Svo, 4 50 

Du Bois's Mechnnics of EnKineerinR. 

Vol. I Kinematics, Statics. Kinetics Small 4to. 7 50 

Vol. II. The Stresses in Framed Structures. Strength of Materials and 
Theory of Flexures Small 4to. 

* Eckel's Building Stones and Clays Svo. 

♦ Cements, Limes, and Plasters Svo, 

Fowler's Ordinary Foimtlations Svo, 

* Greene's Structural Mcc;hanics Svo, 

Holley's Analysis of Paint and Varnish Pro lucts. (In Pres-i.) 

• Lead and Zinc Pigments Large 12mo, 3 00 
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• Hubbard's Dust Preventives and Road Binders 8vo. $3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels. 

Steel-making Alloys and Graphite Large 13mo. 3 00 

Johnson's (J. B.) Materials of Construction Large Svo, 6 00 

Keep's Cast Iron gvo, 2 50 

Lanza's Applied Mechanics gvo, 7 60 

Lowe's Paints for Steel Structures 12mo. 1 00 

Maire's Modem Pigments and their Vehicles 12mo, 2 00 

♦ Martin's Text Book on Mechanics. Vol. L Statics 12mo. 1 25 

* Vol. IL Kinematics and Kinetics 12mo, 1 50 

* Vol. III. Mechanics of Materials ]2mo. 1 50 

Maurer's Technical Mechanics Svo. 4 00 

Merrill's Stones for Building and Decoration Svo. 5 00 

Merriman's Mechanics of Materials Svo, 5 00 

* Strength of Materials 12mo. 1 00 

Metcalf 's Steel. A Manual for Steel-users 12mo, 2 00 

Morrison's Highway Engineering .Svo. 2 50 

* Murdock's Strength of Materials 12mo. 2 00 

Patton's Practical Treatise on Foundations Svo, 5 00 

Rice's Concrete Block Manufacture Svo. 2 00 

Richardson's Modem Asphalt Pavement Svo. 3 00 

Richey's Building Foreman's Pocket Book and Ready Reference. 16mo, mor. 5 00 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 1 50 

Handbook for Superintendents of Construction 16mo, mor. 4 00 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 1 50 

• Ries's Clays : Their Occurrence. Properties, and Uses Svo. 5 00 

* Ries and Leighton's History of the Clay-working Industry of the United 

Stetes Svo. 2 50 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 3 00 

* Smith's Strength of Material 12mo. 1 25 

Snow's Principal Species of Wood Svo, 3 50 

Spalding's Hydraulic Cement : 12mo. 2 00 

Text-book on Roads and Pavements l2mo, 2 00 

♦ Taylor and Thompson's Concrete Costs Small Svo, 5 00 

* Extracts on Reinforced Concrete Design Svo, 2 00 

Treatise on Concrete, Plain and Reinforced Svo, 5 00 

Thurston's Materials of Engineering. In Three Parts Svo, S 00 

Part I. Non-mctallic Materials of Engineering and Metallurgy.. . .Svo, 2 00 

Part II. Iron and Steel Svo. 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 50 

Tillson's Street Pavements and Paving Materials Svo, 4 00 

Tumeaure an<l Maurer's Principles of Reinforced (Concrete (instruction. 

Second Edition. Revised and Enlarged Svo. 3 50 

Watcrbury's Cement Laboratory Manual r2mo, I 00 

* Laboratory Manual for Testing Materials of Construction 12mo, 1 50 

Wood's (I)e V.) Treatise on the Resistance of Materials, and an Api>endix on 

the Preservation of Timber Svo. 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electroly.sis of Iron and 

Steel Svo. 4 00 

RAILWAY ENOINEERIN(i. 

Andrews's Handbook for Street R.ailway Engineers 3X5 inches, mor. 1 25 

Berg's Buildings and Structures of American Railroads 4to, 6 00 

Brooks's Handbook of Street Railroad Location 16mo. mor. 1 50 

* Burt's Railway Station Service l2mo, 2 00 

Butts's Civil Engineer's Field-book 16mo, mor. 2 50 

Crandall's Railway and Other Earthwork Tables Svo, 1 50 

Crandall and Barnes's Railroad Surveying 16mo, mor. 2 (X) 

♦ Crockett's Methods for Earthwork Computations Svo. 1 50 

Dredge's History of the Pennsylvania Railroad. (1879) Paper, 5 W 

Fisher's Table of Cubic Yards Cardboard. 25 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. Svo. 4 00 
Godwin's Railroad Engineers' Fiehl-book and Explorers' Guide. . Idmo, mor. 2 50 
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Hudson's Tables for Calculating the Cubic Contents of Excavations and Bra- . 

bankments 8vo, fl OO 

Ives and Hilts's Problems in Surveying, Railroad Sturveyinganvl Geodesy 

lAmo, mor. 

Molitor and Beard's Manual for Resident Engineers 16mo, 

Nagle's Field Manual for Railroad Engineers I6mo, mor. 

♦ Orrock's Railroad Structures and Estimates 8vo, 

Philbrick's Field Manual for Engineers 16mo. mor. 

Raymond's Railroad Field Geometry 16mo, mor. 

Elements of Railroad Engineering 8vo. 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts* Track Formulae and Tables lAmo. mor. 

Searles's Field Engineering IGmo, mor. 

Railroad Spiral 16mo, mor. 

Taylor's Prismoidal Formulae and Earthwork 8vo, 

Webb's Economics of Railroad Construction Large 12mo. 

Railroad Construction I6mo, mor. 

Wellington's Economic Theory of the Location of Railways Large 12mo. 

Wilson's Elements of Railroad-Track and Construction 12mo. 

DRAWIIVG. 

Barr and Wood's Kinematics of Machinery 8vo. 

♦ Bartlett's Mechanical Drawing 8vo. 

♦ " •• " Abridged Ed 8vo. 

♦ Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

Coolidge's Manual of Drawing 8vo. paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 

Durley's Kinematics of Machines 8vo, 

Emch's Introduction to Projective Geometry and its Application 8vo, 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 

Jamison's Advanced Mechanical Drawing 8vo, 

Elements of Mechanical Drawing Svo, 

Jones's Machine Design : 

Part I. Kinematics of Machinery Svo, 

Part II. Form. Strength, and Proportions of Parts Svo, 

♦ Kimball and Barr's Machine Design Svo, 

MacCord's Elements of Descriptive Geometry Svo, 

Kinematics; or, Practical Mechanism Svo, 

Mechanical Drawing 4to, 

Velocity Diagrams Svo, 

McLeod's Descriptive Geometry Large 12mo, 

♦ Mahan's Descriptive Geometry and Stone-cutting Svo, 

Industrial Drawing. (Thompson.) Svo, 

Moyer's Descriptive Geometry 8vo, 

Reed's Topographical Drawing and Sketching 4to, 

♦ Reid's Mechanical Drawing. (Elementary and Advanced.) Svo, 

Text-book of Mechanical Drawing and Elementary Machine Design.. Svo, 

Robinson's Principles of Mechanism i Svo, 

Schwamb and .Merrill's Elements of Mechanism Svo, 

Smith (A. W.) and Marx's Machine Design Svo, 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) Svo, 

♦ Titsworth's Elements of .Mechanical Drawing Oblong Svo, 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Perspective. .Svo, 

^ilements of .Machine Construction and Drawing Svo, 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . l2mo, 

General Problems of Shades and Shadows Svo, 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo, 

Manual of Elementary Projection Drawing 12mo, 

Plane Problems in Elementary Geometry 12mo. 

Weisbach's Kinematics and Power of "Transmission. (Hermann and 
Klein.) Svo, 

Wilson's (H. M.) Toi>ographic Surveying Svo, 
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•Wilson's (V. T.) Descriptive Geometry 8vo, $1 60 

Pree-hand LetterinR 8vo, 1 00 

Pree-hand Perspective 8vo, 2 50 

Woolf s Elementary Cotirse in Descriptive Geometry Large 8vo, 3 00 

ELECTRICITY AWD PHYSICS. 

• Abegg's Theory of Electrolytic Dissociation, (von Ende.") 12mo, 1 25 

Andrews's Hand-book for Street Railway Engineers 3X5 inches mor. 1 25 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 1 00 

Anthony and Brackett's Text-book of Physics. (Magic.) Large 12mo. 3 00 

Benjamin's History of Electricity 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

* Burgess and Le Chateliec's Measurement of High Temperatures. Third 

Edition 8vo, 4 00 

Clas.Hen's (Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

♦ (^llins's Manual of Wireless Telegraphy and Telephony 12mo, 1 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo. 2 50 

Dtihem's Thermod>'namics and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power 12mo, 3 00 

♦ Getman's Introduction to Physical Science 12mo, 1 50 

Gilbert's De Magnete. (Mottelay ) 8vo, 2 60 

* Hanchett's Alternating Currents 12mo, 1 00 

Hering's Ready Reference Tables (Conversion Factors) lOmo, mor. 2 50 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 6 00 

Holman's Precision of Measurements 8vo, 2 00 

Telescop>e- Mirror-scale Method, Adjustments, and Tests Large 8vo, 75 

♦ Hutchinson's High-Efficiency Electrical Illuminants and Illumination. 

Large 12mo, 2 50 

* Jones's Electric Ignition 8vo, 4 00 

Karapetoff's Experimental Electrical Engineering: 

• Vol. 1 8vo. 3 50 

♦ Vol. II 8vo. 2 50 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 00 

* Koch's Mathematics of Applied Electricity Small 8vo. 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

♦ Lauffer's Electrical Injuries IGmo, 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

♦ Lyndon's Development and Electrical Distribution of Water Power. .8vo, 3 00 

♦ Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. 8vo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

♦ Morgan's Physical Chemistry for Electrical Engineers 12mo, I 50 

* Norris's Introduction to the Study of Electrical Engineering 8vo, 2 50 

Norris and Dennison's (x>urse of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to. half mor. 12 60 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

♦ Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbnmner). .8vo. 2 00 

* Ryan's Design of Electrical Machinery: 

• Vol. I. Direct Current Dynamos 8vo, 1 50 

Vol. II. Alternating Current Transformers 8vo. 1 50 

Vol. III. Alternators. Synchronous Motors, and Rotary Converters. 

(In Preparation.) 

Ryan. Norris, and Hoxie's Text Book of Electrical Machinery 8vo. 2 50 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

♦ Tillman's Elementary Lessons in Heat 8vo, 1 50 

♦ Timbie's Elements of Electricity Large 12mo, 2 00 

* Answers to Problems in Elements of Electricity 12mo. Paper 25 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modem Electrolytic Copper Refining 8vo, o 00 

* Waters's Commercial Dynamo Design 8vo, 2 00 

II 



* Kaup's Machine Shop Practice Large 12mo 

* Kent's Mechanical Engineer's Pocket- Book lOmo, mor. 

Kerr's Power and Power Transmission 8vo, 

* Kimball and Barr's Machine Design 8vo, 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 

* Lansa's Dynamics of Machinery 8vo, 

Leonard's Machine Shop Tools and Methods 8vo, 

* Levin's Gas Engine 8vo, 

* Lorenz's Modem Refrigerating Machinery. (Pope. Haven, and Dean)..8vo. 
MacCord's Kinematics; or, Practical Mechanism. 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

• MacParland's Standard Reduction Pactors for Gases 8vo, 

Mahan's Industrial Drawing. (Thompson.) .8vo. 

Mehrtens's Gas Engine Theory and Design Large 12mo, 

Miller, Berry, and Riley's Problems in Thermodynamics and Heat Engineer- 

inj 8vo, paper, 

Oberg's Handbook of Small Tools Large 12mo. 

* Parshall and Hobart's Electric Machine Design. Small 4to. half leather, 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged . 8vo. 

* Perkins's Introduction to General Thermodynamics 12mo. 

Poole's Calorific Power of Fueis 8vo, 

* Porter's Engineering Reminiscences, 1855 to 1882 8vo. 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design.8vo. 

Richards's Compressed Air 12mo, 

Robinson's Principles of Mechanism 8vo. 

Schwamb and Merrill's Elements of Mechanism 8vo. 

Smith (A. W.) and Marx's Machine Design 8vo. 

Smith's (O.) Press-working of Metals 8vo, 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo, 

Stone's Practical Testing of Gas and Gas Meters 8vo, 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 

Treatise on Friction and Lost Work in Machinery and Mill Work . . . 8vo. 

* Tillson's Complete Automobile Instructor 16mo. 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 

Warren's Elements of Machine Construction and Drawing 8vo. 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2i X5| inches, mor. 

* Enlarged Edition, Including Tables mor. 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) 8vo, 

Machinery of Transmission and Governors. (Hermann — Klein.). .8vo, 
Wood's Turbines 8vo, 

MATERIALS OF ENGINEERING. 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 

Church's Mechanics of Engineering 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo. 

* Greene's Structural Mechanics 8vo, 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

♦ Lead and Zinc Pigments Large 12mo. 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel- Making Alloys and Graphite Large 12mo. 

Johnson's (J. B.) Materials of (instruction 8vo, 

Keep's Cast Iron 8vo, 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 

Lanza's Applied Mechanics , 8vo, 

Lowe's Paints for Steel Structures 12mo, 

Maire's Modem Pigments and their Vehicles 12mo, 
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Maurer's Technical Mechanics 8vo. 

Merriman's Mechanics of Materials 8vo. 

* Strength of Materials 12mo. 

Metcalf's Steel. A Manual for Steel-users 12mo. 

* M urdock's Strength of Materials 12mo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo. 

Smith's (A. W.) Materials of Machines 1 2mo. 

* Smith's (H. E.) Strength of Material 12rao. 

Thurston's Materials of Engineering 3 vols., 8vo. 

Part I. Non-metallic Materials of Engineering 8vo. 

Part II. Iron and Steel 8vo. 

Part III. A Treatise on Brasses. Bronzes, and Other Alloys and their 
Constituents ., 8vo. 

* Waterbury's Laboratory Manual for Testing Materials of Construction. 

12m«. 

Wood's (De V.) Elements of Analytical Mechanics 8vo. 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo. 2 00 

Wood's (M. P.) Rustless Coatings* Corrosion and Electrolysis of Iron and 

Steel ,. . .8vo. 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo. 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 12mo. 

Chase's Art of Pattern Making 12mo, 

Crcighton's Steam-engine and other Heat Motors 8vo. 

Dawson's "Engineering" and Electric Traction Pocket-book. .. .ItSmo. mor. 

* Gebhardt's Steam Power Plant Engineering 8vo. 

Goss's Locomotive Performance 8vo, 

Hemenway's Indicator Practice and Steam-engine Economy. . . .^ . . . . 12mo. 

Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8v©. 

Mechanical Engineering of Power Plants 8vo, 

Kent's Steam Boiler Economy 8vo, 

Kneass's Practice and Theory of the Injector 8vo, 

MacCord's Slide- valves 8vo. 

Meyer's Modem Locomotive Construction 4to. 

Miller, Berry, and Riley's Problems in Thermodynamics 8vo, paper, 

Moyer's Steam Turbine 8vo, 

Peabody's Manual of the Steam-engine Indicator 12mo, 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo. 

Thermodynamics of the Steam-engine and Other Heat-engines. . . .8vo. 

* Thermodynamics of the Steam Turbine 8vo, 

Valve-gears for Steam-engines 8vo, 

Peabody and Miller's Steam-boilers .8vo. 

* Perkins's Introduction to General Thermodynamics l2mo. 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterbcrg.) 12mo, 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

Sinclair's Locomotive Engine Running and Management 12mo. 

Smart's Handbook of Engineering Laboratory Practice 12mo, 

Snow's Steam-boiler Practice 8vo, 

Spangler's Notes on Thermodynamics i 12mo, 

Valve-gears 8vo, 

Spangler, Greene, and Marshall's Elements of Steam -engineering 8vo, 

Thomas's Steam-turbines 8vo. 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake 8vo, 

Manual of Steam-boilers, their Designs Construction, and Oi>eration 8vo, 

Manual of the Steam-engin*i 2 vols., 8vo, 

Part I. History, Structure, and Theory 8vo, 

Part II. Design, Construction, and Operation 8vo, 
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Wefarenfennig's Analysis and Softening of Boiler Peed-water. (Patterson ) 

8vo. $4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo. 5 00 

Whitham's Steam-engine Design 8vo. 5 00 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 

Mechanics of Pluids (Being Part IV of Mechanics of Engineering). . 8vo, 

♦ Mechanics of Internal Work 8vo, 

Mechanics of Solids (Being Parts I. II. Ill of Mechanics of Engineering). 

8vo. 

Notes and Examples in Mechanics .' 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics 8vo, 

Vol. II. Statics 8vo. 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. II Small 4to. 

* Greene's Structural Mechanics Svo. 

* Hartmann's Elementary Mechanics for Engineering Students 12mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo. 

* Johnson's (W. W.) Theoretical Mechanics 12mo. 

* Kiiig's Elements of the Mechanics of Materials and of Power of Trans- 

mission Svo, 

Lanza's Applied Mechanics Svo. 

* Martin's Text Book on Mechanics, Vol. I, Statics l2mo, 

♦ Vol. II. Kinematics and Kinetics 12mo. 

♦ Vol. III. Mechanics of Materials 12mo. 

Maurer's Technical Mechanics Svo. 

* Merriman's Elements of Mechanics 12rao, 

Mechanics of Materials Svo, 

* Michie's Elements of Analytical Mechanics Svo, 

Robinson's Principles of Mechanism Svo. 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism Svo, 

Wood's Elements of Analytical Mechanics Svo, 

Principles of Elementary Mechanics 12mo, 

MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) Svo, 

von Behring's Suppression of Tuberculosis. (Bolduan.) I2mo, 

* Bolduan's Immune Sera 12mo. 

Bordet's Studies in Immunity. (Gay.) Svo, 

* Chapin's The Sources and Modes of Infection Large 12mo, 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions 16mo. mor. 

Ehrlich's Collected Studies on Immunity. (Bolduan.) Svo. 

* Fischer's Nephritis Large 12mo, 

♦ Oedema Svo, 

♦ Physiology of Alimentation Large 12mo, 

* de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) . . . Large 12mo. 

* Hammarsten's Text-book on Physiological Chemistry. (Mandel.).. . .Svo, 
Jackson's Directions for Laboratory Work in Physiological Chemistry . .Svo, 
Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo. 

* Lauffer's Electrical Injuries 16mo. 

Mandel's Hand-book for the Bio-Chcmical Laboratory 12mo. 

* Nelson's Analysis of Drugs and Medicines l2mo. 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. )..12mo, 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . ]2mo, 

Rostoski's Serum Diagnosis. (Bolduan.) 12mo, 

Ruddiman's Incompatibilities in Prescriptions Svo, 

Whys in Pharmacy l2mo, 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) .. ..8vo, 
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* Satterlee's Outlines of Human Embryology 12mo, 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 

* Whipple's Tyhpoid Fever Large 12mo, 

* WoodhuU's Military Hygiene for Officers of the Line Large 12mo. 

* Personal Hygiene 12mo. 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 
and Suggestions for Hospx:;al Architectiue, with Plans for a Small 
HospiUl 12mo, 1 25 

METALLURGY. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

Bolland's EncycloF>edia of Pounding and Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo. 3 00 

Iron Founder 12mo. 2 50 

Supplement 12mo. 2 50 

* Borchers's Metallurgy. (Hall and Hayward.) 8vo, 3 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition .Svo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

* Iles's Lead-smelting 12mo. 2 50 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo. 3 00 

Keep'9 Caat Iron. Svo, 2 50 

Mstcalf's Steel. A Manual for Steel-tncrs. 12mo. 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 50 

* Palmer's Foundry Practice Large I2mo, 2 00 

* Price and Meade's Technical Analysis of Brass I2mo, 2 00 

^ Ruer's Elements of Metallography. (Mathewson.) Svo, 3 00 

Smith's Materials of Machines 12mo, 1 00 

Tate and Stone's Foundry Practice 12mo, 2 00 

Thurston's Materials of Engineering. In Three Parts Svo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 0. 

Part II. Iron and Steel Svo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 50 

U Ike's Modem Electrolytic Copper Refining Svo, 3 00 

West's American Foundry Practice 12mo, 2 50 

Moulders' Text Book 12mo. 2 50 



BQNERALOGY. 

* Browning's Introduction to the Rarer Elements Svo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) Svo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals Svo, paper. 

Cloth, 

* Crane's Gold and Silver Svo, 

Dana's First Appendix to Dana's New "System of Mineralogy". .Large Svo, 
Dana's Second Appendix to Dana's New " System of Mineralogy." 

Large Svo, 

Manual of Mineralogy and Petrography 1 2mo, 

Minerals and How to Study Them 12mo, 

System of Mineralogy Large Svo, half leather. 

Text-book of Mineralogy Svo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables Svo, 

* Eckel's Building Stones and Clays Svo, 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.) Svo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hayes's Handbook for Field Geologists 16mo, mor. 

Iddings's Igneous Rocks Svo, 

Rock Minerals Svo. 
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Johannsen's Determination of Rock-forming Minerals in Thin Sections. Svo. 

With Thumb Index $6 00 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe 12mo, 60 

Merrill's Non- metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration 8vo, S 00 

* Penfield's Notes on Determinative Mineralogy and Record of Miners.'. Tests. 

8vo, paper. 50 
Tables of Minerals. Including the Use of Minerals and Statistics of 

Domestic Production 8ve, 1 00 

* Pirsson's Rocks and Rock Minerals 12mo, 2 50 

* Richards's Synopsis of Mineral Characters 12mo, mor. 1 25 

* Ries's Clays : Their Occurrence, Properties and Uses Ovo. 5 00 

* Ries and Leighton's History of the Clay-working industry of the United 

SUtes Ovo. 2 50 

^ Jlowe's Practical Mineralogy Simplified 12mo. 1 25 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 

Washington's Manual of the Chemical Analysis of Rocks 8vo. 2 00 

MINING. 

* Beard's Mine Gases and Explosions Large 12mo, 3 00 

* Crane's Gold and Silver 8vo, 5 00 

* Index of Mining Engineering Literature 8vo. 4 00 

♦ 8vo, mor. 5 00 

♦ Ore Mining Methods 8vo, 3 00 

* Dana and Saunders's Rock Drilling 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo. 1 00 

Rissler's Modem High Explosives 8vo, 4 00 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. 8vo. 4 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

Ihlseng's Manual of Mining. 8vo, 5 00 

* Iles's Lead Smelting 12mo. 2 50 

* Peelc's Compressed Air Plant 8vo, 3 50 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele.)8vo, 3 00 

* Weaver's Military Explosives 8vo, 3 00 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 2 50 

Treatise on Practical and Theoretical Mine Ventilation 12mo. 1 25 

SANITARY SCIENCE. 

Association of State and National Pood and Dairy Departments, Hartford 

Meeting. 1906 8vo, 3 00 

Jamestown Meeting. 1907 8vo, 3 00 

* Bashore's Outlines of Practical Sanitation.^ 12mo, 1 25 

Sanitation of a Country House 12mo, 1 00 

Sanitation of Recreation Camps and Parks 12mo, 1 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Polwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses l2mo. 2 00 

Fuertes's Water-filtration Works 12mo, 2 50 

Water and Public Health l2mo, 1 50 

Gerhard's Guide to Sanitary Inspections 12mo, 1 50 

♦ Modem Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings 12mo, 1 50 

♦ The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

8vo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Water-supplies 8vo. 3 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 00 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 1 25 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo, 4 00 

* Mast's Light and the Behavior of Organisms Large 12mo, 2 50 
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^ Merriman's Elements of Sanitary EnRineertng 8vo. $2 00 

Ogden's Sewer Construction 8vo, 3 00 

Sewer Design l2mo. 2 00 

* O^den and Cleveland's Practical Methods of Sewage Disposal for Res- 

idences. Hotels and Institutions 8vo, 1 50 

Parsons's Disposal of Municipal Refuse 8vo. 2 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis. . . .' 12mo, 1 60 

* Price's Handbook on Sanitation 12mo, 1 60 

Richards's Conservation by Sanitation 8vo, 2 60 

Cost of Cleanness 12mo, 1 00 

Cost of Food. . A Study in Dietaries 12mo, 1 00 

Cost of Living as Modified by Sanitary Science 12mo. 1 00 

Cost of Shelter 12mo, 1 00 

Richards ajid Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo. 2 00 

* Richey's Plumbers'. Steam-fitters', and Tinners' Edition (Building _ 

Mechanics' Ready Reference Series) 16mo, mor. i^ 

Rideal's Disinfection and the Preservation of Food 8vo, 4 00 

Soper's Air and Ventilation of Subways 12mo, 2 60 

Tumeaure and Russell's Public Water-supplies 8vo, 6 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Method and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 3 60 

• Typhoid Fever Large 12mo. 3 00 

Value of Pure Water Large 12mo, 1 00 

Winslow's Systematic Relationship of the Coccaceae Large 12mo, 2 60 

MISCELLANEOUS. 

* Rurt's Railway Station Service 12mo, 2 00 

* Chapin's How to Enamel 12mo, 1 00 

Emmons's Geological Gui<.le-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 1 60 

Ferrel's Popular Treatise on the Winds 8vo, 4 00 

Fitzgerald's Boston Machinist 18mo, 1 00 

* Fritz. Autobiography of John 8vo. 2 00 

Gannett's Statistical Abstract of the World 24mo, 75 

Haines's American Railway Management 12mo, 2 60 

Hanausek's The Microscopy of Technical Products. (Winton) 8vo, 6 00 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Etficiency 8vo, 3 60 

Metcalfe's Cost of Manufactures, and the Administration of Workshops., 8 vo. 6 00 

* Parkhurst's Applied Methods of Scientific Management 8vo. 2 00 

Putnam's Nautical Charts 8vo, 2 00 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo. 3 00 

* Rotch and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to. 2 00 

Rotherham's Emphasised New Testament Large 8vo, 2 00 

Rust's Ex-Meridian Altitude, Azimuth and Star-finding Tables 8vo. 6 00 

Standage's Decoration of Wood. Glass, Metal, etc 12mo, 2 00 

Westermaier's Compendium of General Botany. (S(;hneider) 8vo, 2 00 

Winslow's Elements of Applied Microscopy 12mo, 1 60 

HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half mor, 6 00 

Green's Elementary Hebrew Grammar 12mo, 1 35 
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